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CARCINOMA OF THE TUBES AND OVARIES SECONDARY 
TO CARCINOMA OF THE BODY OF THE UTERUS * 

John A. Sampson, M.D. 

{From the Gynecological and Pathological Departments of the Albatty Hospital and the 
Albany Medical College, Albany, N. Y.) 

It is the purpose of this paper to present the results of the study of 
a small series of judged primary carcinoma of the body of the uterus 
associated with judged secondary carcinoma, either in the tube, the 
ovary, or in both organs. An attempt was made to determine the 
pathogenesis of the secondary carcinomas, with special reference to 
the justification of the theory that cancer cells escaping from the 
uterine tumor may be transported through the lumen of the tube and 
may become implanted in the tubal mucosa and on the surface of the 
ovaries and peritoneum. 

It is a reasonable assumption that carcinoma in any two or all 
three of these organs may arise in various ways. The close anatom- 
ical relations between the uterus, tubes and ovaries, often made more 
intimate by an advanced carcinoma in one, may readily permit the 
continuous extension of the growth from one organ to another 
through normal preexisting structures, or by the affected organ be- 
coming adherent to one of the others. The common i3miphatic and 
venous circulation of the three organs offers channels through which 
carcinoma may extend from one organ to another by continuous per- 
meation ; or emboli of cancer cells escaping into the main vessels may 
be diverted to the tubes or ovaries in channels where the stream is 
often sluggish, especially if there is the least temporary or permanent 
obstruction beyond. The lumina of the tubes afford avenues not 
only for the transportation of sperm and ova, but also for bacteria 
and cancer cells. 

* Received for publication June 26, 1933. 
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The common ancestral origin of the germinal epithelium of the 
ovary, from which many of the ovarian carcinomas directly or in- 
directly arise, and that of the tubal and uterine epithelium offers a 
foundation for the simultaneous development of carcinoma in any 
two or all three of these organs, namely, carcinoma of multicentric 
origin in closely allied organs. Since primary carcinoma occurs in aU 
three organs it is natural to assume that, in some instances of this 
disease in two or even in all three, the growths in the different situa- 
tions might be independent of each other. Nevertheless, carcinomas 
of multicentric origin in the same or different organs are of infrequent 
occurrence. When multiple carcinomas of the same histological 
structure are present in an individual, it usually indicates a primary 
growth in one situation with secondary tumors in the others. 

It is generally accepted by both clinicians and pathologists that 
carcinoma usually spreads by continuous extension and by metas- 
tases through the lymphatics. Therefore it is quite natural to at- 
tempt to explain the presence of this growth in any two or all three 
of these organs as having arisen from a primary neoplasm in one with 
the development of secondary tumors in the other situations, as a 
result of continuous extension of the primary tumor or lymphatic 
metastasis. 

Observation of conditions found a.t operation, together with a 
careful study of the specimen removed, should enable one, definitely, 
to determine whether or not the tumors in the different organs are 
continuous. On the other hand, the evidence of the pathogenesis of 
any seemingly metastatic growth is, at best, merely circumstantial. 

When the growth in the different organs is in contact with the 
epithelium of these organs the multicentric theory is alluring if con- 
tinuous extension can be excluded and evidence of metastasis 
through well recognized channels is not present. 

The Status of the Tej^nstubal Implantation of 

Carcinoma 

Reichel,^ in the year 1888, reported two cases of ovarian carci- 
noma, each associated with a small carcinoma of the uterine mucosa. 
In the discussion of the etiology of the uterine carcinomas in these 
two cases he introduced the theory that they arose from the implan- 
tation of cancer cells, which had escaped from the ovarian carcinoma 
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through the lumina of the tubes, on the surface of the uterine 
mucosa. He compared their pathogenesis with the phenomenon of 
the passage of the fertilized ovum through the tube and its implan- 
tation in the uterine mucosa. 

Sitzenfrey,^ in the year 1908, reported a case of carcmoma of the 
uterus in which free particles of the uterine growth were found in the 
lumen of one of the tubes without the presence of carcinoma of the 
tubal mucosa. He believed that secondary tubal carcinoma may 
arise from this source and that with a further migration of these 
particles implantations of this growth on the surfaces of the ovary 
and peritoneum may arise. 

In 1922 Schiller ® reported a similar case. He agreed with Sitzen- 
frey as to the possible etiology of secondary tubal, ovarian and peri- 
toneal carcinoma from this source. 

In 1924 I published a paper ^ entitled: “Benign and Malignant 
Endometrial Implants in the Peritoneal Cavity and their Relation 
to Certain Ovarian Tumors.” It was shown, in that paper, that frag- 
ments of malignant endometrial tumors, at times, escaped into the 
lumina of the tubes. Evidence was presented indicating that im- 
plantations of these particles sometimes occurred in tubal mucosa, 
and on the surfaces of the ovaries and peritoneum. Two cases re- 
ported in the previous paper will again be presented in the present 
one, with additional photomicrographs showing the secondary tubal 
and ovarian tumors. Later in the same year Norris and Vogt ® re- 
ported an instance of an early metastasis of carcinoma on the sur- 
face of the ovary from carcinoma of tlie uterus. They believed the 
ovarian carcinoma arose from the implantation of cancer cells es- 
caping through the lumen of the tube during a diagnostic curettage 
six weeks before. 

In 1927 Novak,® in a paper entitled “Ovarian Metastasis vith 
Cancer of the Uterine Body: Is Transtubal Implantation an Impor- 
tant Factor?” presents an excellent summary of the e\ddence that 
the lymphatics are the chief channels for metastases of uterine carci- 
noma to the ovary and vice versa. He most emphatically endorses 
these channels as avenues for the dissemination of carcinoma from 
the uterus to the ovary, and just as emphatically denounces the 
transtubal route. He states: “The cases reported by Sampson of 
supposed implantation cancer of the ovary are far more logically 
explained as due to lymphatic dissemination.” 
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In 1930 Robinson/ in an interesting paper on primary and second- 
ary ovarian carcinoma, denounces the implantation theory as ap- 
plied to the origin of metastatic ovarian carcinoma secondary to the 
intestinal tract, and warmly supports the l3miphatic route. He 
states: “The soundest of all theories formulated about the manner 
and method of cancer metastasization is the one of the lymph and 
vessel routes, and this theory is easily and frequently verified. In 
fact, some authorities admit of no other possibility.” Robinson be- 
lieves that the simultaneous appearance of mahgnant papillary 
tiunors, within ovarian cysts and upon the surface of the ovaries, and 
similar growths of the uterine and tubal mucosa, as well as the serosa 
covering these organs, is due to the same biological factors influenc- 
ing variously located and metamorphosed epithelial centers of a 
common genetic source. 

In 1932 Offutt ® published the results of an analysis of a series of 
cases from the Mayo Clinic in which carcinoma was present in both 
the ovaries and uterus. There were 520 cases of carcinoma of the 
body of the uterus and 616 of papillary cystadenocarcinoma of the 
ovaries, in which operation had been performed in the clinic from 
1913 to 1930. In fifty-three of these cases carcinoma was present in 
both organs. In five of these cases the uterus was judged to be the 
site of the primary neoplasm. Carcinoma was present in a Fallopian 
tube in three of these. In sixteen, one or both ovaries were judged 
to be the site of the primary growth, in eight of which one or both 
tubes also contained carcinoma. In thirty-one cases the situation 
of the primary growth could not be determined, in four of these 
carcinoma was present in one tube. Offutt discusses the various 
means by which this growth may extend from the uterus to the 
ovary and vice versa. She emphasizes the importance of the trans- 
tubal route in the group of cases reported by her. In several in- 
stances cancer cells were found in the lumen of the tube of which 
the blood vessels and lymph channels were apparently normal. 

This brief reference to some of the literature deahng with the 
transtubal migration of cancer cells and the origin of secondary car- 
cinoma of the uterus, tubes and ovaries from this source must im- 
press one, not only with the difficulty of properly evaluating this 
channel, but also the natural difference of opinion that must arise as 
to its importance, and as to whether metastases ever occur in this 
way. 
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I heartily agree with the majority of pathologists who believe that 
carcinoma is usually disseminated from its primary focus through 
the lymphatics. However, there is one striking exception to this rule 
and that occurs in certain types of ovarian carcinoma where implan- 
tations on the peritoneum arise from the growth of cells escaping 
from the primary tumor into the peritoneal cavity. Even in these 
cases the lymphatics also may be invaded, not only by the primary 
tumor, but also by secondary tumors on the peritoneum which may 
have arisen from the primary one by implantation. We must not 
lose sight of the fact that a secondary tumor may possess the same or 
even greater potentialities of invasion and dissemination than the 
growth from which it arose by direct extension or metastasis. 

It is generally accepted by both clinicians and pathologists that, 
as compared with carcinoma of the uterine cervix, metastases to the 
retroperitoneal lymph nodes rarely occur in carcinoma of the body 
of the uterus. 

It is not my purpose to belittle the importance of the lymphatics 
or veins as avenues for the dissemination of carcinoma of the body of 
the uterus, or to minimize the incidence of carcinoma of multicentric 
origin, or over-emphasize the part played by the lumina of the tubes 
in conveying cancer cells from the uterine tumor to that organ and 
thence to the surface of the ovary and peritoneum. However, I desire 
to present what was found in this series of cases, to give my own re- 
actions and gladly leave others to draw their conclusions, not only 
from my observations but, of greater importance, from the study of 
material from other cases similar to those which I am to report. , 

The closest available analogy we have to the implantation of 
cancer cells of uterine origin on the surface of the ovary and peri- 
toneum is the implantation of cancer cells of ovarian origin on the 
peritoneum, since genetically the peritoneal mesothelium, the sur- 
face epithelium of the ovary and the uterine epithelium have a com- 
mon ancestor. The results of a previous study ® of implantation peri- 
toneal carcinomatosis of ovarian origin demonstrated that it arises 
from the repair of injuries to the peritoneum caused by cancer cells 
that have escaped into the peritoneal cavity and lodged on the sur- 
face of its serous membrane, together with the continued growth of 
these cells in this situation. The various stages in this repair, as well 
as the laws governing the same, are similar to those encountered in 
the repair of tissues injured by foreign bodies and in the taking of 
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skin grafts — namely, the healing of wounds. The histological struc- 
ture of these implants varies with the reaction of the peritoneal tis- 
sues before and after the fixation of the cancer cells and with the 
activity of the latter. As a result carcinoma becomes embedded in 
the peritoneal scar, encapsulated on its surface, enmeshed in adhe- 
sions, or like a surgical skin graft grows on the surface of the peri- 
toneum without encapsulation. 

The principles governing the implantation of uterine carcinoma in 
the mucosa of the tubes should be the same as those governing the 
taking of a small skin graft, bearing in mind that the cancer graft is 
derived from epithelium having the same ancestor as the tubal epi- 
thelium. The cancer cells must be viable, there must be a break in 
the epithehal lining of the tube already present or possibly created 
by the carcinoma, and the graft must be held in place or at least not 
disturbed until it becomes firmly attached. It is conceivable that 
such conditions would be encountered in the tube more often than in 
the intestines or urinary tract, including the bladder. It is also con- 
ceivable that cancer cells of uterine origin once grafted in tubal 
mucosa might bear the same relation to the normal tubal epithelium 
about it as carcinoma primarily arising from that epithelium. If 
true, it would be impossible to determine from its structure whether 
a given tubal carcinoma arose from grafted cancer cells or from a 
difiPerentiation of tubal epithelium. 


Material and Methods oe Study 

From 1921 to 1932 inclusive, 183 patients with carcinoma of the body of the 
uterus have been operated upon in the gynecological service of the Albany Hos- 
pital. The material from nineteen of these cases was chosen for the present paper 
and also from one additional case operated upon in 1933. Thirteen of the twenty 
cases included all instances of carcinoma of the body of the uterus TOth a similar 
growth in the tube, ovary or both organs, in which the growth in the uterus was 
judged to be the primary one. 

The criteria upon which this opinion was formed was not only the size and 
apparent age of the uterine tumor and its histological structure (corresponding 
with that of uterine carcinoma v/ithout carcinoma in the tubes and ovaries), but 
also the relatively smaller size and apparently younger age of the associated 
tumors in the other organs. In addition, evidence must be present indicating 
that carcinoma actually has or may have reached these organs from the uterine 
growth. I realize that any or even all of these criteria may not be sufhcient in a 
given case for a positive diagnosis of the site of the primary neoplasm. A second- 
ary tumor may be larger and more invasive than its parent and therefore appar- 
ently older; and primarj’’ carcinoma of the tube and ovary may histologically be 
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indistinguishable from carcinoma arising in the endometrium. Also, the evi- 
dence of the pathogenesis of a metastatic tumor, no matter how convincing, is at 
best circumstantial and even may be misleading. 

The cases of obvious primary carcinoma of the tubes and of large or extensive 
ovarian carcinomas were not included, even though there was associated with 
the latter an extensive carcinoma of the uterus. In some of the latter group the 
primary growth might well have been in the uterus. The relation between car- 
cinomas in these organs is much more difficult to determine when the tumors in 
both situations are either of the same size or advanced. 

The findings in the remaining seven cases of carcinoma of the body of the 
uterus were chosen on account of their bearing on the pathogenesis of the condi- 
tions present in the other cases. 

The study of this problem begins in the operating room. On exposing the pel- 
vic contents a careful examination is made to determine whether or not metas- 
tases are present. The ovaries and tubes, and especially the fimbriae of the latter, 
are inspected for any abnormalities suggesting carcinoma in these structures. 
If present the tubes and ovaries are first removed and immediately placed in 
formalin. This enables one to obtain material which otherwise might be trauma- 
tized during or after the operative removal of the uterus and likewise minimizes 
the danger of disseminating cancer cells from them into the operative field. 
When the tubes and ovaries appear normal each tube is ligated just back of the 
fimbriae to prevent any carcinoma possibly present in the lumen of the tube, or 
later forced into it by operative manipulation, from escaping through the distal 
end of the tube. The ovarian and uterine vessels are either doubly ligated and 
severed between the ligatures, or else ligated and clamped proximal to the liga- 
ture before cutting them. This is done to prevent any cancer emboli possibly 
present in the lumina of the lymphatics and veins from escaping into the field of 
operation. After freeing the cervix and upper portion of the vagina a right-angle 
clamp is placed across the vagina below the cervix and a vaginal douche is given 
before severing the vagina to prevent further soiling of the field of operation. 

All specimens are examined before they leave the operating room. Should 
they present unusual features sketches are made and these are carefully labelled. 
Specimens not presenting unusual features are sent, as such, to the general 
pathological laboratory, where they are described and tissue is removed from the 
uterus, tubes and ovaries, fixed in Zenker’s fluid, embedded in paraffin, and cut 
and stained as a routine procedure. 

The routine examination of pathological material is of the greatest value for 
records and diagnostic purposes, but often is not sufficient for the intensive study 
of any special problem. Through the courtesy of Dr. Victor C. Jacobsen I have 
been permitted to retain portions of specimens in which I have been especially 
interested, saving for him sufficient material for diagnosis and laboratorj'^ records. 

I employ formalin for fixing the tissue and block it myself. The blocks (often 
large) are embedded in celloidin rather than paraffin, as it causes less shrinkage 
and fewer artifacts after formalin fixation. One can then study the surface of the 
block as the sections are cut. technician is instructed how the blocks are to 
be mounted and cut, and, most important, what I wish to ascertain in each block. 
Much may be learned bj' a well trained techm’dan while watching the surface of 
the block as the sections are cut. From time to time, while cutting the block, 
sections are stained to make sure of the conditions present. If the technician is in 
doubt the block is not cut further until I have had an opportunity to study the 
stained sections. All sections are saved until the entire block has been cut and 
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sections studied. In many situations serial sections are made. This has proved 
to be of the greatest importance in many instances. Often I have wished for 
serial sections after the block has been cut. Since two sections cannot be ex- 
amined under the microscope by one person at the same time, photomicro- 
graphs are used extensively by me in the study of these problems. I find them of 
great assistance in the comparative study of the findings in different sections. 

In each instance the methods employed in the study of this material were 
initiated by the interest aroused by conditions observed at operation or in the in- 
spection of the fresh specimen after its removal. This led to the intensive study 
of some portions of the specimen and a relatively casual examination of others. 
As a result there is a lack of uniformity in the manner and thoroughness of the 
study of all the specimens, and even of aU parts of those more or less intensively 
studied. For these reasons these studies are of little or no statistical value. 

Case Reports 

Case i. Advanced adenocarcinoma of the body of the uterus, 
which had extended through the posterior uterine wall with resulting 
invasion of the omentum and the peritoneum of the mesosigmoid 
which had become adherent over this area; metastases to the sub- 
peritoneal tissues of the left uterine cornu with subsequent extension 
through the overlying peritoneum. 

Albany Hospital No. 8029-30. The patient, aged 56 years, complained of 
uterine bleeding of 7 months duration. A diagnostic curettage was done at the 
Albany Hospital Nov. 6, 1930. Because of difficulty in persuading the patient to 
have a major operation, the latter was not done until Nov. 12, 1930. At that 
operation the omentum and mesosigmoid were found to be adherent to the fun- 
dus and posterior surface of the uterus. A small amount of blood-tinged fluid 
was present in the posterior cul-de-sac. Some of this was removed for micro- 
scopic examination of its cellular contents. No gross evidence of metastases was 
detected. The portion of the omentum adherent to the uterus was excised and 
the mesosigmoid was freed from the uterus by removing the portion of its 
peritoneum, which was adherent to the latter. The entire uterus, both tubes, 
ovaries and appendix were removed. The patient made a satisfactory convales- 
cence but died in a year’s time from carcinoma. 

A study of the specimen removed (see Figs, i to 5 inclusive, with 
their legends) demonstrated the following: (a) the variations in his- 
tological type that different portions of the same cancer may present; 
(h) the penetration of the uterine w^all by the tumor and subsequent 
invasion of structures becoming adherent to it over this area, the pos- 
sibility that carcinoma, which has thus penetrated the uterine wall, 
may escape into the peritoneal cavity and become implanted on the 
surface of the peritoneum; (c) the presence of subperitoneal metas- 
tases of the uterus with cancer cells in the nearby lymph vessels. 
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the extension of carcinoma in these metastases to. the surface of the 
peritoneum and its possible subsequent escape into the peritoneal 
cavity; (d) the presence of clumps of possible cancer cells in peri- 
toneal fluid which may have escaped into the peritoneal cavity 
through the sources already described or through the patent tubes 
during tlie curettage six days before the major operation. Carci- 
noma was not found in the tubes and ovaries. 

Case 2. Advanced adenocarcinoma of the body of the uterus with 
extension through the posterior uterine wall and subsequent ad- 
hesions between it and the sigmoid and terminal loop of the ileum; 
carcinoma of the left ovary from continuous extension of the uterine 
growth; subperitoneal metastases of the posterior uterine wall and 
left tube, and peritoneal carcinomatosis limited to the posterior 
cul-de-sac. 

Albany Hospital No, 8781-31. The patient, aged 72 years, complained of 
pain and uterine bleeding of 3 months duration. A preliminary diagnostic 
curettage was not done. At operation Nov. 28, 1931, the uterus was found to be 
enlarged, due to multiple small myomata, and was slightly adherent to the 
sigmoid and terminal loop of the ileum. Metastases to the retroperitoneal l3Tnph 
nodes were not detected. The entire uterus and both tubes and ovaries were 
removed. In doing so it was noted that peritoneal carcinomatosis was present in 
the posterior cul-de-sac. The patient made a satisfactory convalescence and felt 
better for several months after the operation, but died in a little over a year’s 
time. 

A Study of the specimen removed (see Figs. 6 to 17 inclusive, with 
their legends) demonstrated: (a) the variations in histological type 
in the same and different portions of the cancer; (If) the diffuse ex- 
tension of the carcinoma through the uterine wall, and especially 
through that of the left cornu; (c) the invasion of the left ovary by 
direct extension through the left utero-ovarian ligament; (d) sub- 
peritoneal metastases of the uterus and left tube, and also a sub- 
mucosal metastasis of the fimbriae of the left tube. The most 
interesting and important finding was the extension of the carci- 
noma through the uterine wall to the surface of the peritoneum, 
with the development of local peritoneal carcinomatosis from the 
judged implantation of cancer cells thus escaping into the perito- 
neal cavity (see Figs. 14, 16 and 17). Since implantation carcino- 
matosis arose near the site of the penetration of the carcinoma 
into the peritoneal cavity, a similar phenomenon could well account 
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for the peritoneal carcinomatosis at a little greater distance, namely, 
in the posterior cul-de-sac. Carcinoma was not found in the right 
tube and ovary. 

Case 3. Advanced squamous cell carcinoma of the body of the 
uterus secondary to that of the cervix, with direct extension to the 
surrounding structures, metastases to the pelvic l3miph nodes and 
secondary carcinoma of the right tube and ovary, apparently due to 
continuous lymphatic permeation. 

Albany Hospital Nos. 6607-30 and 4727-31. The patient, aged 64 years, was 
first seen by me Sept. 10, 1930, She had had radium treatment for carcinoma of 
the cervix in a hospital in another city 6 months before. The cervix was re- 
placed by a necrotic ulcerative mass. The uterus was fixed in the pelvis. The 
disease was so far advanced that the value of further radium treatment seemed 
questionable. Nevertheless it was employed. At first the palliative relief was 
quite marked. The patient was readmitted June 16, 1931, for uncontrollable 
uterine bleeding. An exploratory abdominal mcision was made imder spinal 
anesthesia June 30, 1931, with the plan of ligating the blood supply to the uterus 
and thus stopping the bleeding. The uterus was about three times its normal 
size and fixed in the pelvis. One could easily follow the white, distended, sub- 
peritoneal lymphatics of the right uterine cornu out between the layers of the 
broad ligament, where they were joined by similarly dilated lymphatics of the 
right tube and ovary. These l)Tnphatics were evidently filled with carcinoma as 
with a white injection mass. The retroperitoneal tissues of both sides of the 
pelvic wall were so infiltrated with the growth that it was impossible to gain 
access to either the anterior branches of the internal iliac arteries or their uterine 
branches. The ovarian vessels were enlarged, thus suggesting that the uterus 
was receiving the greater portion of its blood supply from these sources. The 
right tube and ovary were removed and the left ovarian vessels and both round 
ligaments were ligated. The operation did not disturb the patient. The bleeding 
ceased and never returned. The patient died in June, 1932. 

A study of the right tube and ovary (see Figs. 18 and 19, with their 
legends) demonstrates the location and type of carcinoma of the tube 
and ovary that may arise from the continuous permeation of the 
l3miphatics by uterine carcinoma. 

Case 4. Advanced adenocarcinoma of the body of the uterus with 
secondary carcinoma of both tubes, ovaries, round ligaments and 
peritoneum of the cul-de-sac about the uterosacral ligaments. The 
secondary growths apparently arose mainly from lymphatic permea- 
tion and possibly in some instances from embolic metastases, 

Albany Hospital No, 5634-28. The patient, aged 61 years, complained of 
uterine bleeding of over a year’s duration. A preliminary curettage was done, 
followed by an exploratory incision Sept. 13, 1928. The uterus was enlarged and 



CARCINOMA OF TUBES AND OVARIES 


II 


fixed in the pelvis, due to extension of the growth through the lymphatics, espe- 
cially those about the round and uterosacral ligaments with resulting invasion of 
the peritoneum about the ligaments. Both tubes were enlarged and their walls 
firm. The ovaries were of normal size. No attempt was made to remove the 
uterus. The right tube, ovary and left tube were removed and the left ovarian 
vessels ligated. The patient made a satisfactory convalescence, but died later. 

A study of the right tube and ovary (see Figs. 20 to 26 inclusive) 
demonstrated the permeation of the l3miphatics by carcinoma and 
the origin and type of carcinoma of the tube and ovary secondary to 
that of the uterus from l3miphatic permeation and metastases. We 
were able to demonstrate, by serial sections, that all the growth in 
the dilated lymph vessels was not in the form of continuous threads 
or strands, but that some of it consisted of clumps of cancer cells, 
namely emboli, floating about in the lumina of the dilated lym- 
phatics. Furthermore, we were able to show that these emboli at 
times became attached to the lining of these vessels, forming implan- 
tations of both the grafted and foreign body (encapsulated) type 
(Figs. 21 and 23), similar to the metastatic peritoneal tumors fre- 
quently found in peritoneal carcinomatosis of ovarian origin. 

Case 5. Advanced adenocarcinoma of the uterus, which had been 
treated with radium. Two months after the biopsy and radium 
treatment a papillary metastasis was found at the junction of the 
vagina and vulva in the scar of a wound of the hymen created at the 
time of the afore-mentioned operation. 

Albany Hospital Nos. 6756-32 and 8462-32. The patient, aged 51 years, com- 
plained of pelvic pain radiatmg down both legs, especially the right one, and uter- 
ine bleeding of 4 weeks duration. A biopsy resulting in a diagnosis of carcinoma 
had been made in a hospital in another city 2 weeks before. The condition was 
considered to be inoperable at that time. On examination at the Albany Hospi- 
tal, Sept. 21, 1932, the vaginal canal would just admit one's forefinger (hymen 
thick and rigid). One could feel that the cervical canal was dilated by a friable 
growth. On rectal examination the uterus was found to be enlarged and fixed in 
the pelvis with induration on both sides. Under gas oxygen anesthesia, Sept. 23, 
1932, the cervix was exposed and an attempt was made to ascertain the origin of 
the tumor and its extent. This was only partially successful. It was our im- 
pression that while it might have arisen from the mucosa of the cervical canal, it 
was more likely a carcinoma of the body of the uterus which protruded into the 
cervical canal. Tissue was obtained for microscopic examination. A small 
nodule in the vaginal wall below the cervix was excised, thinking it might be a 
metastasis. It proved not to be one. One hundred milligrams of radium, in one 
capsule, was introduced through the cervix into the tumor and left in place for 
24 hourL The posterior portion of the hymen was found to be torn through into 
the vagina as a result of the dilatation necessary to expose the cervix. No at- 
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tempt was made to close this wound but it was packed with gauze to control the 
bleeding. One hundred milligrams of radium was again inserted in the uterine 
cavity, Sept. 28, 1932, this time in two capsules of 50 mg. each, tandem forma- 
tion, The patient was seen again Nov. 28, 1932. She considered herself well; 
both the pain and bleeding had ceased. A check-up was made in the Albany 
Hospital Nov. 29, 1932. On exposing the vaginal orifice a small red papilloma 
was noted at the junction of the posterior vaginal wall with the vulva — the site 
of the wound of the hymen caused 2 months before. This was excised, believ- 
ing that while it might be malignant, it was more likely a tuft of granulation 
tissue which often appears in vaginal wounds that have not completely healed. 

A curettage was done and carcinoma was not found in the uterus. The uterus 
seemed smaller and less fixed. 

The microscopic examination of the papilloma removed (see Fig. 
36, with its legend) demonstrated that it was a papillary adenocar- 
cinoma of the same histological structure as the primary uterine 
growth. The evidence presented, as well as its histological structure, 
indicates that it was a metastatic carcinoma of the vagina secondary 
to that of the uterus, probably caused by the transplantation of 
cancer cells in the wound of the vagina created two months before. 

Case 6. Advanced adenocarcinoma of the body of the uterus with 
metastases to the distal end of the left tube, the mucosa of the cervix 
and the anterior vaginal wall. This case was reported in a previous , 
paper ^ (see Case i of that paper). 

Albany Hospital No. 89234. The patient, aged 62 years, complained of 
uterine bleeding which had been more or less constant for 12 years. She had 
been curetted a year before I saw her. A diagnosis of maUgnancy was made at 
that time and the condition was considered inoperable. Since then she had had 
repeated X-ray treatments. At operation, March 16, 1923, the uterus was foimd 
to be enlarged, due to multiple small myomata and an extensive carcinoma. 
There was no gross evidence of metastases found at operation, other than a 
thickening of the fimbriated end of the left tube and a nodule in the anterior 
vaginal wall beneath the urethra. The entire uterus and both tubes and ovaries 
were removed. The metastasis in the anterior vaginal wall was excised and the 
vagina treated with radium. The patient made an uninterrupted recovery, has 
been seen by me several times since then, the last time in June, 1933. At no 
time have I been able to detect any evidence of a recurrence. Ten years have 
elapsed since her operation. 

A study of the specimen removed (see Figs. 38 to 42 inclusive of 
present paper, with their legends, as well as the previous report of 
this case) demonstrated : (a) an advanced carcinoma of the body of 
the uterus, which in several places had extended almost entirely 
through the wall of the uterus to its serosa; (&) the presence of judged 
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emboli of cancer cells in veins in the peripheral zone of the uterus and 
in a vein in the tubal wall; (c) a carcinoma of the distal end of the 
left tube, which was judged to be of implantation origin; (d) clumps 
of cancer cells lying free in the lumen of the left tube and the judged 
implantation of one of these clumps in the tubal mucosa; (e) a meta- 
static carcinoma of the cervical mucosa judged to be of implantation 
origin; (/) a metastasis in the anterior vaginal wall which, from its 
histological structure, could have been primarily a surface implant, or 
a l3miphatic, or venous metastasis. Carcinoma was not found in the 
ovaries or in the mucosa of the other tube. The finding of judged 
cancer cells in the veins of the peripheral zone of the uterine wall and 
in a vein of the tubal wall might be considered as evidence favoring 
the origin of the above described metastases through these channels. 
These may have been of more recent origin, or even caused by the 
trauma of the operation. The vaginal metastasis is the only one 
suggesting a possible origin from this source. 

Case 7. Adenocarcinoma of the body of the uterus with multiple 
carcinomas of the mucosa of the right tube, of various sizes, thus sug- 
gesting different ages. 

Albany Hospital No. 890-29. The patient, aged 53 years, complained of 
uterine bleeding of 7 months duration. At operation, Feb. 9, 1929, which had 
been preceded by a diagnostic curettage, the uterus was found to be slightly en- 
larged. There was no gross evidence of metastases. The left tube and ovary ap- 
peared normal. The right tube was dilated and its fimbriated end occluded and 
adherent to the right ovary. The entire uterus and both tubes and ovaries were 
removed. The patient made a satisfactory convalescence and has remained 
well; was last seen in June, i933' 

Carcinoma was not found in the left tube and ovary. The data, 
supporting the theory that the multiple carcinomas of the mucosa of 
the right tube primarily arose from the implantation of cancer cells 
escaping from the uterine growth through the uterine ostium of the 
tube, are presented in Figs. 44 to 47 inclusive. 

Case 8 . Advanced papillary adenocarcinoma of the body of the 
uterus, with extension through the wall of the uterus near the level 
of the internal os almost to its serosa. Carcinoma of the fimbriae of 
the left tube. 

Albany Hospital Nos. 7001-30 and 229-33. Tbe patient, aged 55 years, com- 
plained of uterine bleeding of 3 years duration. At operation, Sept. 27, 1930, 
tbe uterus was found to be about four times its normal size, due to multiple 
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myomas; the tubes and ovaries were essentially normal, save for adhesions about 
the fimbriated end of the left tube. In attempting to deliver the uterus, after 
ligating and severing the ovarian vessels and round ligaments, it was tom across 
at the level of the internal os, due to friability of the uterine wall at this level 
from the extension of the carcinoma almost to the serosa. The body of the 
utems and both tubes and ovaries were removed and radium was applied to 
the cervical stump. The patient made an imeventful convalescence but eventu- 
ally died of carcinoma in Jime, 1933. 

A study of the specimen removed showed an advanced papillary 
adenocarcinoma of the body of the uterus. Carcinoma was not 
found in the right tube or ovary. Carcinoma having the same his- 
tological structure as that of the uterus was present in the fimbriae 
of the left tube (see Figs, 48, 49 and 50), It was not found elsewhere 
in the tube. The very superficial character of the growth would 
apparently exclude a metastasis through the lymph or blood stream. 
Its histological appearance suggests either an implantation or mul- 
ticentric origin. Adhesions were found about the fimbriated end of 
the left tube at the operation, thus suggesting that something had 
escaped through the ostium of the tube into the peritoneal cavity. 
This favors the implantation theory. 

Case 9, Adenocarcinoma of the body of the uterus associated 
with multiple superficial carcinomas of both tubes, 

Albany Hospital No, 6707-28, The patient, aged 54 years, complained of 
uterine bleeding of 7 months duration. At operation, Nov, 3, 1928 (no pre- 
liminary curettage), the uterus was found to be of normal size; bilateral hema- 
tosalpinx was present, but the ovaries appeared normal. There was no gross 
evidence of metastases. The appendix, entire uterus and both tubes and ovaries 
were removed. The patient made a satisfactory convalescence, felt v/ell for 
several months after the operation, but later died of carcinoma. 

On incising the uterus, after its removal, a superficial growth was 
found replacing the greater portion of the mucosa of the fundus, in- 
cluding that of both cornua. The tubes presented occluded fimbri- 
ated ends, dilated lumina and multiple papillary tumors of various 
sizes scattered over their lining. The data, supporting the theory 
that the tubal carcinomas primarily could have arisen from the im- 
plantation of cancer cells escaping from the uterine tumor through 
the uterine ostia of the tubes, are presented in Figs. 51 to 58 in- 
clusive. 

Case 10. Multiple superficial papillary adenocarcinomas of the 
body of the uterus, associated with multiple papillary adenocardno- 
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mas of the left tube and a very early squamous cell carcinoma of the 
vaginal portion of the cervix. 

Albany Hospital No. 3760-30. The patient, aged 68 years, complained of 
uterine bleeding of over a year’s duration. At operation. May 29, 1930 (pre- 
ceded by a preliminary diagnostic curettage), the uterus was found to be of nor- 
mal size; the left tube was dilated as in hydrosalpinx; the right tube and ovary 
appeared normal. There was no gross evidence of metastases. The entire 
uterus, both tubes, ovaries and appendix were removed. The patient made an 
uneventful recovery and has remained well. 

On incising the uterus after its removal multiple superficial papil- 
lomas, of different sizes, were found scattered over the mucosa of the 
body of the uterus, including both cornua and the internal os. They 
were slightly more numerous in the left side of the body of the uterus 
and seemed larger in this situation. Similar papillary growths were 
found scattered over the mucosa of the dilated left tube (Fig. 59), the 
fimbriated end of which was occluded, but whose isthmus was patent. 
Carcinoma was not found in the right tube or in either ovary. The 
data, supporting the theory that the multiple carcinomas of the tubal 
and uterine mucosae arose from the implantation or grafting of cancer 
cells on the mucosa of these organs, are furnished in Figs. 59 to 65 in- 
clusive. The possible escape of cancer cells from the uterine growth 
into the lumen of the left tube, through its uterine ostium, is indi- 
cated in Figs. 66 and 67. The reason for the failure of a similar phe- 
nomenon in the right tube is indicated in Fig. 68. The presence of a 
very early squamous cell carcinoma of the cervix (Fig. 69) gives sup- 
port to the multicentric theory for the pathogenesis of the multiple 
carcinomas in all the different situations, but does not prove it. 

Case i i . Adenocarcinoma of the right cornu of a markedly bicor- 
nuate uterus, associated with multiple adenocarcinomas of the 
fimbriae and ampuUa of the right tube, and carcinoma of the ad- 
herent right ovary. 

Albany Hospital No. 94611. The patient, aged 56 years, complained of 
uterine bleeding. At operation, Dec. 27, 1923, (no preliminary diagnostic curet- 
tage), a bicornuate uterus was found with marked enlargement of the right 
cornu. The right tube was distended as in hydrosalpinx and fused by its oc- 
cluded fimbriated end with the right ovary. The left tube and ovary appeared 
normal. There was no gross evidence of metastases or extension of the growth 
beyond the uterus. The appendix, entire uterus, and both tubes and ovaries 
were removed. The patient made an uneventful recovery but later died of 
carcinoma. 
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On incising the uterus a large growth was found confined to the 
right cornu (see Fig. 70). The microscopic study of sections of the 
uterus, right tube and ovary (see Figs. 71 to 77 inclusive, with their 
legends) demonstrated: (a) fragments of the carcinoma in the uterine 
ostium of the right tube; (d) carcinoma in newly formed tissue be- 
tween the right ovary and occluded fimbriated end of the tube, 
which was fused with the surface of the ovary; (c) the invasion of 
both the ovary and the wall of the tube by carcinoma apparently 
starting in the opposed surfaces of the two organs; and (d) multiple 
carcinomas of different sizes in the mucosa of the tube. The escape 
of cancer cells from the uterine tiunor, out through the lumen of the 
tube and its fimbriated extremity, resulting in adhesions between the 
surface of the ovary and the fimbriated end of the tube, and subse- 
quent infolding of the tubal fimbriae and growth of the carcinoma, 
could easily account for the pathological findings in this situation. 
The implantation of carcinoma in the mucosa of the tube would 
account for the multiple carcinomas, apparently of different ages, 
found in the ampulla of the tube. 

Case 12. Adenocarcinoma of the body of the uterus, vnth metas- 
tases to the left ovary and bottom of the cul-de-sac, with extension 
through to the posterior vault of the vagina. 

Albany Hospital No. 108718. The patient, aged 50 years, complained of 
uterine bleeding. At operation, Nov. 21, 1925 (preceded by a diagnostic curet- 
tage), the uterus was found to be of normal size and in normal position. The 
right tube and ovarj' appeared normal. Two judged endometrial implants were 
present on the lateral surface of the left ovary. There v/as an indurated mass in 
the posterior cul-de-sac which, prior to the operation, %vas diagnosed as endome- 
triosis vrith extension through to the posterior vaginal vault. The bottom of the 
cul-de-sac w'as obliterated by the fusion of the sigmoid with the posterior wall of 
the cervix, as often occurs in endometriosis in this situation. There w'ere no 
other gross evidences of metastases. The appendix, both tubes and ovaries, as 
well as the entire uterus with the tumor in the cul-de-sac, were removed. After 
incising the tumor removed from the cul-de-sac it was judged to be carcinoma 
and not endometriosis. Therefore radium v/as introduced in the vaginal vault. 
The patient had an imeventful convalescence, felt well for several months after 
the operation, but died Aug. 4, 1928, of carcinoma. 

An adenocarcinoma of the uterus was found with deep invasion of 
its wall, but not through to its serosa. The tumor from the cul-de- 
sac, which was adherent to the posterior surface of the cervdx, had 
the same histological structure as that of the uterine growth, but w'as 
not continuous vdth the latter. The judged endometrial implants of 
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the left ovary also proved to be adenocarcinoma. The distribution 
of the growth in the ovary and bottom of the cul-de-sac was similar 
to that often found in endometriosis. I believe that the carcinoma, in 
these situations, in this case was secondary to that of the uterus and 
might have arisen from cancer cells escaping through the lumen of 
the left tube (see also Figs. 78, 79 and 80 with their legends). Both 
tubes and tlie opposite ovary were studied and found free from 
carcinoma. 

Case 13. Large judged endometrial stromal cell sarcoma of the 
uterus associated with a superficial papillary adenocarcinoma of 
the uterine mucosa and a general peritoneal sarcomatosis including 
the omentum. This case was reported in a previous paper (Case 2 of 
that paper ^). 

Albany Hospital No. 87700. The patient, aged 54 years, complained of pain 
in the lower abdomen and uterine bleeding, the latter of over a year’s duration. 
At operation, Dec. 6, 1922 (no preliminary curettage), the greatly thickened 
omentum was first observed and many peritoneal metastases were noted, as in 
peritoneal carcinomatosis of ovarian origin. The uterus was enlarged and a por- 
tion of its surface studded with metastases. The appendix, entire uterus and 
both tubes and ovaries were removed. On incising the enlarged uterus a large 
tumor was found, apparently arising from the mucosa of the anterior uterine 
wall. It presented the gross appearance of an edematous submucous myoma 
or sarcoma. The patient reacted badly after the operation and died on the 
fourth day. 

At autopsy a chronic fibrous myocarditis was found; this and the 
pertitoneal metastases were the only pathological conditions present. 
Carcinoma in lymph vessels was found only in the uterine cornu, 
where judged subperitoneal metastases were present (see Figs. 81 and 
82 of present paper). The metastases of the ovaries and tubes were 
of a different t3^e. They were more superficial and were situated in 
newly formed tissue on the surfaces of these organs (see Figs. 83 to 87 
inclusive, with their legends). I believe that these latter metastases 
could have been of implantation origin from particles of the uterine 
tumor escaping through the lumina of the tubes into the peritoneal 
cavity. Fragments of the growth were found in the lumina of the 
tubes. 

Case 14. Advanced adenocarcinoma of the body of the uterus 
with deep invasion of the posterior uterine wall, but not through to 
its serosa, associated with; {a) three secondary carcinomas of the 
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mucosa of the left tube; (b) carcinoma of the fimbriae of the right 
tube; (c) general peritoneal carcinomatosis (including the ovaries); 
and (d) massive infiltration of the diaphragm, omentum and tissues 
of the posterior cul-de-sac with carcinoma. The retroperitoneal 
lymph nodes were not grossly malignant, 

Albany Hospital No. S493”30. The patient, aged 57 years, presented the 
physical signs of a peritoneal carcinomatosis of ovarian origin, and such was the 
preoperative diagnosis. Under spinal anesthesia, July 31, 1930, an exploratory 
incision was made to ascertain whether or not a major operation was indicated. 
The patient had difficulty in breathing and in spite of artificial respiration died in 
3 hours. 

The material for this study was obtained postmortem. The data, 
indicating that the carcinomas of the tubal mucosa may have re- 
sulted from cancer cells escaping into the lumina of the tubes and 
that the peritoneal carcinomatosis (including the ovaries) primarily 
arose from cancer cells escaping through the tubes into the peri- 
toneal cavity, are presented in Figs. 88 to 105 inclusive, with their 
legends. 

Case 15. Adenocarcinoma of the body of the uterus, with peri- 
toneal carcinomatosis restricted to the pelvic structures and the 
omentum; subsequent metastasis in the scar of the abdominal in- 
cision. 

Albany Hospital Nos. 111-33, 1617-33 and 4788-33. The patient, aged 67 
years, complained of uterine bleeding of 4 weeks duration. She was first ad- 
mitted to the Albany Hospital, Jan. 5, 1933. A friable, necrotic, cauliflov.-er t>pe 
of growth was found distending the cervical canal. Biopsy showed it to be an 
adenocarcinoma of both glandular and solid type. It was impossible at that 
time to determine whether it began in the mucosa of the cervical canal or had ex- 
tended down through the cervical canal from the body of the uterus. One 
hundred milligrams of radium in three capsules, tandem formation, was intruded 
through the cervix into the uterine cavity. The radium was left in place for 37 J 
hours. This was associated with a febrile reaction. She w'as readmitted for a 
check-up 2 months later. She felt well, her general health having improved 
greatly. The uterus was freely movable, although induration could be felt in the 
posterior cul-de-sac. At operation ISIarch 3, 1933, metastases w'ere found on the 
surfaces of both ovaries, the bladder, the vesico-uterine fold, about the right 
round ligament and in the posterior cul-de-sac. Several epiploical appendages of 
the sigmoid were fused with the peritoneal metastases in the posterior cul-de- 
sac. The distribution of the ovarian and peritoneal metastases presented an 
exact duplication of the lesions often encountered in peritoneal endometriosk. 
Both tubes appeared patent. The peritoneum of the posterior cul-de-sac in 
places contained blood pigment, thus suggesting that blood had previously 
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escaped into the peritoneal cavity. In addition, metastases were present in the 
omentum. The uterus, both tubes and ovaries were removed. The portion of 
the omentum containing carcinoma, and all detected peritoneal metastases, 
were excised. The patient had an uneventful convalescence. 

On incising the uterus after its removal the cervical mucosa ap- 
peared normal. The uterine mucosa for the most part was smooth 
and appeared normal, although it was roughened in a few places. 
Carcinoma was not found in the cervical mucosa, but was present in 
the roughened areas of the uterine mucosa just mentioned. Carci- 
noma was not found in the uterine wall (many sections from many 
blocks) or in the lumina of the tubes. For other evidence, indicating 
that the metastases to the ovaries and peritoneum of the pelvic struc- 
tures arose from the implantation of cancer cells escaping through 
the lumina of the patent tubes during the application of radium, see 
Figures 106 to 112 inclusive. The patient was examined July 7, 1933, 
and a small nodule was noted beneath the skin of the scar of the ab- 
dominal incision. On bimanual examination marked induration was 
detected in the posterior cul-de-sac, indicating a further extension of 
the peritoneal carcinomatosis. The nodule in the abdominal scar was 
excised and proved to be carcinoma (Fig. 113) of the same histologi- 
cal structure as the primary uterine tumor and that of the peritoneal 
carcinomatosis observed at operation four months before. The 
strongest possible circumstantial evidence indicates that this metas- 
tasis arose from the successful implantation of particles of cancer in 
the wound of the abdominal incision at the previous operation. 

Discussion 

In this study an attempt was made to ascertain the pathogenesis 
of carcinoma of the tubes and ovaries secondary to that of the body 
of the uterus, and especially to determine whether or not the trans- 
tubal migration of particles of cancer plays an important role in the 
etiology of these secondary tumors. Aside from the purely scientific 
interest in such a study, it was hoped that information of value 
might be obtained which could be applied in the treatment of car- 
cinoma of the body of the uterus. 

Purposely only those cases of carcinoma of the uterus associated 
with carcinoma of the tubes or ovaries were chosen to be presented, 
in which the primary growth was judged to be in the uterus, since 
those in the tubes and ovaries were less extensive and apparently of 
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more recent origin. In other cases which I have studied the primary 
carcinoma was judged to be in the ovary. In still others I was un- 
to able form any opinion of the relation between the growths in the 
dijfferent organs and believed that some of these might possibly be 
instances of carcinoma of multicentric origin. 

Thirteen cases of judged secondary carcinoma of the tubes, ovaries 
or both organs, of uterine origin, have been presented. Carcinoma 
was found in both the tube and ovary in six cases, only in the tube or 
tubes in five and only in the ovary in two. In addition, material from 
seven other cases of carcinoma of the body of the uterus was utilized 
because it presented features of importance in the study of the path- 
ogenesis of secondary carcinoma of the tubes and ovaries, of uterine 
origin. 

The following ways may be considered by which carcinoma of the 
tube may arise from that in the body of the uterus: 

1 . The continuous extension of carcinoma, arising in or later occu- 
P3dng the uterine cornu, through the uterine ostium of the tube by 
replacing the tubal mucosa, just as it often replaces the uterine mu- 
cosa; this might be designated as surface extension or replacement. 

2. The invasion of the wall of the uterine portion of the tube by 
carcinoma that has invaded the wall of the uterine cornu through 
which the tube passes. 

3. Continuous lymphatic permeation or metastasis through the 
lymph vessels of the mesosalpinx, and thence in a retrograde course 
through the tributary lymph vessels of the tube. Probably lym- 
phatic permeation and metastasis also occurs through subperito- 
neal lymphatics of the uterus and tube, without the passage of the 
carcinoma through the main l)mph channels in the broad ligament. 

4. Metastasis through the blood stream. 

5. The implantation, on the tubal serosa, of cancer cells which 
have escaped into the peritoneal cavity either through the lumina of 
the tubes or from carcinoma that has penetrated the uterine wall and 
reached the surface of its serosa. 

6. The grafting or implantation in the tubal mucosa of cancer 
cells that have escaped from the uterine tumor into the lumen of the 
tube. 

7. The differentiation of tubal epithelium into carcinoma caused 
by some agent escaping from the uterine growth into the lumen of 
the tube. 
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Carcinoma of the body of the uterus, arising in one cornu or ex- 
tending to it, frequently passes through the uterine ostium of the 
tube by surface extension. Instances of this phenomenon are well 
shown in Figures 27, 28, 29, 30, 54 and 66. Cells, from the growth in 
this situation, may readily escape into the lumen of the tube, espe- 
cially if the lumen of its uterine ostium is occluded by the growth 
(see Figs. 33, 34, 35 and 72). Although I have never observed the 
continued surface extension of carcinoma of the uterine ostium of the 
tube out through its entire uterine portion into the isthmus, I believe 
that it may occur. Blood containing cancer cells also may escape 
through a patent uterine ostium of the tube from uterine carcinoma 
not occupying the uterine cornu. 

I have not observed the invasion of the wall of the uterine portion 
of the tube by carcinoma in the wall of the uterine cornu about it in 
the same manner as the uterine wall itself is invaded, or as struc- 
tures becoming adherent to the wall of the uterus, at the site of its 
penetration by carcinoma, are invaded (compare Fig. 9 with Fig. 2). 

L3unphatic permeation with or without embolic metastases was 
responsible for two instances of carcinoma of the tubes, secondary to 
that of the uterus in this series (see Cases 3 and 4, and Figs. 18, 19, 
22, 23 and 24). 

In another instance (Case 2) two judged subperitoneal and one 
submucosal metastasis of the tube were found, which may or may 
not have arisen from cancer cells carried through the l)maph vessels 
(see Figs. 10, 12 and 13). 

I have observed the invasion of the venous sinuses of the uterine 
wall by carcinoma of the body of the uterus and seen judged cancer 
emboli in the lumina of these sinuses, but have been unable to deter- 
mine the part played by the blood stream in the pathogenesis of car- 
cinoma of the tubes and ovaries, secondary to that of the body of the 
uterus. Possibly some of the metastases shown in Figures i, 3, 7, 10, 
II, 12, 81, 82 and others may have arisen from cancer cells carried 
through the veins and not the lymphatics. The invasion of the lym- 
phatics about these metastatic tumors does not prove the pathogene- 
sis of the latter. A secondary tumor, irrespective of its pathogenesis, 
apparently determines its own methods of invasion and dissemina- 
tion, depending upon its inherent traits, its situation and the struc- 
ture of the organ in which it is located. The invasion of the venous 
sinuses of the uterine wall is probably of frequent occurrence in car- 
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cinoma of the body of the uterus. I believe that the blood stream 
may play a more important role in the etiology of metastases to the 
tubes and ovaries than I have determined. 

Metastases of the serosa of the tubes, as a part of an extensive 
peritoneal carcinomatosis (sarcomatosis in one instance), was found 
in two cases (Cases 13 and 14), see Figures 86, 87, 88, 93, 99 and 100. 
There was strong circumstantial evidence in each instance that the 
growth first gained access to the peritoneal cavity by the transtubal 
route. 

In the largest and most interesting group (consisting of seven 
cases. Cases 6, 7, 8, 9, 10, 1 1 and 14, with carcinoma in both tubes in 
one case) the carcinoma of the tubes seemingly must have arisen 
either from a differentiation of tubal epithelium or from cancer cells 
grafted in the tubal mucosa. In only one case (Case 8) was a single 
carcinoma found in the tube. In all the others the tumors were not 
only multiple but varied in size, thus suggesting different ages. They 
were all superficial. In each instance there was strong evidence that 
cancer cells could have escaped into the lumen of the tube from the 
primary uterine tumor, as into the lumen of a lymph vessel. In five 
of the seven cases the fimbriated end of the tube was occluded. In all 
of these cases (Cases 6, 7, 9, 10 and ii) carcinoma was present in the 
uterine cornu of the affected tube (both tubes in one case) with evi- 
dence that it had or might have invaded the uterine ostium of the 
tube (see Figures 47, 54, 55 and 66). Grossly the isthmus of the tube 
in each case appeared normal. The microscopic examination of the 
uterine portion of four of these tubes failed to show complete occlu- 
sion of any of them, other than that caused by the extension of car- 
cinoma about the uterine ostimn into the lumen of the tube. In three 
instances (Figs. 56, 67 and 72) clumps of cancer cells were found in 
the lumen of the tube distal to the growth filling the uterine ostium. 

I believe that the closure of the fimbriated end of the tube, at least in 
some instances, might have resulted from the development of car- 
cinoma in the tubal mucosa. The possibility of this phenomenon is 
suggested in Figure 40. 

I^dien the fimbriated end of the tube is closed and the uterine 
ostium plugged with carcinoma a condition of hydro- or hemato- 
salpinx arises. Since the mucosa is stretched under these circum- 
stances injury to its epithelial covering might occur more readily 
than w'hen the tube is not dilated. In this way conditions more favor- 
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able for the secondary grafting of cancer cells floating about in the 
lumen of the tube might be created. These secondary implantations 
of carcinoma might arise, either from carcinoma established in the 
tube, or from the repeated escape of cancer cells from the growth 
situated in its uterine ostium. The data supporting the implantation 
theory in the above cases are : (a) the tubal carcinomas are superfi- 
cial in cliaracter, multiple and of different sizes; {b) the evidence that 
cancer cells from the advancing (and therefore the growing) part of 
tlie tumor could well have been discharged into the lumen of the 
tube ; and (c) finally the similarity in liistological structure of the car- 
cinomas of the tubal mucosa and the implantation carcinomas on the 
lining of lymph vessels and on the peritoneum. I do not see how the 
multicentric theory can be applied as logically in the cases just re- 
ported, unless the agent causing the differentiation of tubal epithe- 
lium into carcinoma is derived from something escaping from the 
uterine growth into the lumen of the tubes: if it is true here it might 
also be applied to explain the pathogenesis of similar lymph vessel 
and peritoneal metastases of accepted implantation origin. 

Carcinoma of the ovary was found in eight of the thirteen cases 
and in only two cases without carcinoma of the accompanying tube. 
In one instance the growth had invaded the ovary through the utero- 
ovarian ligament from the continuous extension of the carcinoma 
that had penetrated the uterine wall (Fig. 14). 

In two other instances (Figs. 18 and 25) the ovary was invaded 
from within by a continuous permeation of the lymph vessels or per- 
meation with metastases. A similar phenomenon was present in the 
tubes accompanying the ovaries. 

In five cases (Cases ii, 12, 13, 14 and 15) the ovarian carcinomas 
(multiple in each instance) were superficially situated and were 
either on the surface of the ovary (Figs. 83, 84, 85, 94, 95, 98, loi, 
103, 104, 106 and 107) or had apparently invaded the ovary from 
its surface (Figs. 73, 74, 78 and 80). Two of these were associated 
with multiple carcinomas of the tubal mucosa (Cases 1 1 and 14) . In 
one of the latter (Case 1 1) peritoneal carcinomatosis was not present 
other than that in adhesions between the surface of the ovary and the 
occluded fimbriated end of the tube. In the other there was an ex- 
tensive peritoneal carcinomatosis. In another case (Case 13) an ex- 
tensive peritoneal sarcomatosis was present with implantations on 
the serosa of the tube, but without metastases to the tubal mucosa. 
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I beKeve that the transtubal migration of cancer cells from a 
uterine growth played a very important role in the etiology of the 
cases of judged secondary carcinoma of the tube or ovaries, or both 
organs, just reported, namely, in nine of the thirteen cases. I do not 
desire to create the impression that the transtubal migration of 
cancer cells in either direction necessarily plays as important a role 
in the pathogenesis of all cases of carcinoma in these different organs 
as it did in the cases just reported. 

In two cases of this series (Figs. 37 and 59) judged implantation of 
carcinoma in the endometrium is described secondary to a primary 
carcinoma of the body of the uterus. I believe that this is of rare 
occurrence. I have been looking for it since I encountered Case 10, 
three years ago, and have encountered only one other instance of 
multiple carcinomas of the uterine mucosa and that is shown in 
Figure 37. 

In Figure 39 is shown a judged implantation of uterine carcinoma 
on the mucosa of the cervix. It is the only instance of the kind that 
I have found, and I have been looking for it ever since I encountered 
this one ten years ago. I have been greatly impressed with the rarity 
of the involvement of the cervical mucosa in carcinoma of the body 
of the uterus, even in advanced cases. 

In Figure 36 is shown a judged implantation of uterine carcinoma 
in the scar of a vaginal wound. On the other hand, the pathogenesis 
of the vaginal metastasis shown in Figure 38 is more difficult to state, 

I have been greatly interested in the etiology of the vaginal metas- 
tases found in carcinoma of the body of the uterus, but have been 
unable to make a satisfactory study of this condition. The majority 
of patients with carcinoma of the body of the uterus are past the 
menopause. Senile changes in the vaginal mucosa, often with super- 
ficial ulcerations, are of frequent occurrence in women of this age. It 
occurred to me that these superficial ulcerations might furnish favor- 
able soil for the grafting of any viable cancer cells escaping through 
the cervical canal. In spite of my enthusiasm over the implantation 
of carcinoma, it has been my impression that in the majority of the 
instances of vaginal metastases that I have encountered the 13ml- 
phatic or venous route offered a more rational explanation of their 
pathogenesis. This is particularly true when additional metastases 
arc found elsewhere than in the vagina. 

An instance of metastasis in the scar of the abdominal incision was 
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encountered in this series. The circumstantial evidence leading to 
the development of this metastasis indicates that it arose from the 
implantation of cancer cells during the operative removal of the 
uterus, tubes and ovaries and the excision of peritoneal implanta- 
tions four months before. At the time of the operation there were no 
visible metastases in the peritoneum of the abdominal wall (see Case 
15, and Fig. 113). This is another contribution to the implantation 
of carcinoma. The fundamental stages in this process are the same in 
all instances, namely, the lodging of cancer cells in a wound, however 
created, with the attempted healing of the wound and the continued 
growth of the cancer cells in their new situation. 

The conditions found in this small series of cases supports the 
stand taken by those who believe that carcinoma of the body of the 
uterus, when feasible, should be treated by the removal of the entire 
uterus and both tubes and ovaries. It condemns the routine treatment 
of carcinoma of the body of the uterus with radium, since it cannot 
be expected to reach the possible secondary cancers in the tubes and 
ovaries. Also the introduction of radium into the uterine cavity is 
associated with the danger of disseminating blood containing parti- 
cles of cancer through patent tubes into the peritoneal cavity (see 
Case 15, and Figs. 106 to 112). Radium should be used only in poor 
operative risks, or after the uterus has been removed. 

The operative removal of advanced carcinoma of the body of the 
uterus is associated with a relatively high primary mortality and a 
low percentage of cures, yet three of these patients with secondary 
carcinoma in the tubes are living and clinically free from cancer — 
Case 6 after ten years, Case 7 after four years and Case 10 after three 
years. 

Conclusions 

By continuous extension, carcinoma of the body of the uterus 
invades the potential tissue spaces of the uterine wall and may even 
penetrate the entire wall, including its serosa. Pelvic structures fre- 
quently become adherent to the surface of the uterus thus pene- 
trated by the growth and in turn are invaded by it. Circumstantial 
evidence indicates that cancer cells may escape into the peritoneal 
cavity from a growth that has reached the surface of the uterus be- 
fore it became adherent to nearby structures, and may give rise to 
implantation peritoneal carcinomatosis. 
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Both the lymphatics and venous sinuses of the uterus are invaded 
by the continuous extension of carcinoma. Secondary carcinoma 
of the tubes and ovaries arises from the continuous permeation of the 
l3miphatics and also from cancer emboli. Circumstantial evidence 
indicates that cancer cells become implanted on the endothelial sur- 
face of lymphatics just as similar evidence indicates that cancer cells 
escaping into the peritoneal cavity, from ovarian carcinoma, become 
implanted on the surface of the peritoneum. 

By the continuous extension of carcinoma of the body of the 
uterus the mucosa is replaced by the growth, and when situated in a 
uterine cornu it frequently extends through the uterine ostium of the 
tube and replaces the mucosa of the uterine portion of the tube. 
Particles of cancer are broken ofil* from the growing (advancing) por- 
tion of the growth in this situation and as emboli migrate into the 
lumen of the tube beyond, as similar emboli migrate in lymph vessels 
and into the peritoneal cavity. Superficial carcinomas are found in 
the mucosa of the tubes, in their fimbriae, and on the ovary and peri- 
toneum of patients with carcinoma of the body of the uterus. They 
present the same histological structure as recognized implantation 
carcinoma of the lining of lymphatics, and also on the peritoneum 
from ovarian carcinoma, with evidence that particles of cancer from 
the primary uterine growth could have reached the situation of these 
metastases through the lumina of the tubes. Therefore, I believe that 
their pathogenesis in many instances is the same; namely the lodging 
of the cancer cells on the surface of their host, injury to that surface 
already present or created by the carcinoma, the attempted repair of 
the injury %vith the continued growth of the carcinoma in this situ- 
ation. In like manner particles of uterine carcinoma become im- 
planted in the uterine and cervical mucosa, and in wounds of the 
vagina and of abdominal incisions. 
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Plate i 

Fig. I. Photomicrograph of a sagittal section of a portion of the left uterine 
cornu (Case i). It shows well the invasion of the posterior wall of the uterus 
by the carcinoma. Here the growth is an adenocarcinoma with the solid 
phase predominating (see Fig. 5). The mucosa lining the anterior wall of the 
uterine cavity has been replaced by a papillary adenocarcinoma, without 
evidence of invasion of the uterine musculature. The variations in the 
histological structure of the growth in different portions of this specimen 
demonstrate the difficulty that may arise in t}Tiing adenocarcinoma of the 
uterus. A judged subperitoneal metastasis is indicated at “a " and an embo- 
lus of cancer cells in a lymphatic at “h." Many sections studied of this por- 
tion of the block failed to demonstrate that the carcinoma in the lymphatic 
“h” was continuous with the primary growth. Several other subperitoneal 
metastases were present in the left uterine cornu; for a higher magnification 
of one of these see Fig. 3. x 5. 

Fig. 2. Photomicrograph of a portion of the posterior uterine wall and the 
omentum that is fused with it (Case i). The strands of carcinoma shown in 
this section are continuous with the primary growth indicated in the preced- 
ing illustration, and have penetrated the entire thickness of the posterior 
uterine waU. Cancer cells may have escaped into the peritoneal cavity be- 
fore the omentum came to the rescue, the latter preventing the dissemina- 
tion of cancer cells, just as it often checks the spread of bacterial infections. 
The omentum, (to the left) adherent to the posterior surface of the uterus, 
has been invaded by the growth, x 54. 











Plate 2 


Fig. 3. Photomicrograph of a section through a judged subperitoneal metas- 
tasis of the left uterine cornu, similar to the one shown in Fig. i, but 
smaller. To the left the carcinoma has not reached the peritoneum, but in 
the center and to the right it has. The condition present in the latter situa- 
tions suggests that cancer cells might have escaped into the peritoneal 
cavity (see next illustration). It was impossible to determine the patho- 
genesis of this metastasis and the one shovTi in Fig. i, as well as other 
similar ones present in this specimen. They were judged to be of lymphatic 
origin, the cancer cells having been deposited in the subperitoneal tissues 
with subsequent extension toward its surface, x 54. 

Fig. 4. Photomicrograph of a section of the sediment from centrifugalized 
blood-stained fluid obtained from the posterior cul-de-sac at the time of the 
operation. I believe that the large mass of faintly staining cells, to the left, 
is of mesothelial origin. In the center are clumps of hyperchroma tic cells 
with variation in the size and staining qualities of their nuclei. These cells 
resemble those of the primary growth (see next illustration) more closely 
than they do the judged mesothelial cells. Clumps of these cells, to the 
right, are arranged in the form of glands. Mitotic figures are present. I am 
unable to assert that they are clumps of cancer cells and not differentiated 
mesothelial cells. If cancer cells they may have escaped from strands of 
carcinoma extending into the peritoneal cavity, from the direct extension of 
the growth through the uterine wall as suggested in Fig. 2, or from a similar 
phenomenon indicated in Fig. 3. On the other hand they may have escaped 
through the lumina of the tubes during the diagnostic curettage 6 days 
before, x 130. 

Fig. 5. Photomicrograph of the primary uterine tumor taken from the portion 
of the growth invading the posterior uterine wall. Fig. i. It is an adeno- 
carcinoma — solid phase predominating. The masses of cancer cells and the 
gland in the center closely resemble the clumps of hyperchromatic cells and 
the cells with glandular formation found in the sediment obtained from fluid 
in the posterior cul-de-sac shown in the preceding illustration, x 130- 
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Plate .3 

Fig. 6. Fundus of the uterus with the tubes and ovaries (Case 2), The uterus 
contained multiple small myomas and was adherent posteriorly to the 
sigmoid and the terminal loop of the ileum, due to the extension of the 
growth through the posterior wall of the uterus. Peritoneal carcinomatosis 
was also present in the posterior cul-de-sac. Slightly elevated scars (s) are 
present on the surface of the uterus grossly (and microscopically) similar 
to the subperitoneal metastases in the left uterine cornu of the preceding 
case. The right tube and ovarx’^ are normal. A pedunculated hbroma is at- 
tached to the posterior surface of the left ovary, which has been invaded by 
the uterine carcinoma (see Fig. 14). The left uterine cornu is larger than 
the right, due to its infiltration with carcinoma (see Fig. 9). Two subperi- 
toneal metastases are present in the ampulla of the left tube (one is shown 
at “s”). See also Figs. 10 and 12. Natural size. 

Fig. 7. Photomicrograph of a cross-section of a portion of the posterior uterine 
wall through one of the scars shown in the preceding illustration. The 
uterine wall has been infiltrated by the direct extension of the primary 
growth (lower third of the photomicrograph). An intramural m3'oma is 
present — carcinoma was not found in it. A judged subperitoneal metas- 
tasis is indicated at “S” similar to the one shown in Fig. i. Serial sections 
of this block were not made and therefore the origin of the growth in this 
situation by continuous extension from the primarj' tumor cannot be ex- 
cluded absolutely, x 5. 

Fig. 8. Photomicrograph of a portion of the uterine wall infiltrated by the 
carcinoma. It is an adenocarcinoma with both glandular and solid arrange- 
ment of the cancer cells, x 54. 
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Plate 4 

Fig. g. Photomicrograph of a section through the left cornu of the uterus. The 
uterine cornu is infiltrated by the continuous extension of the carcinoma. 
The tube, shown in cross-section, is surrounded by the growth, but is not 
actually invaded by it. Its lumen is patent and is lined b}"^ normal mucosa. 
At “a” and “b” the strands of carcinoma have extended through the 
peritoneum, x 10. 

Fig. 10. Photomicrograph of a portion of two longitudinal sections (from dif- 
ferent levels of the same block) of the distal end of the left tube. At “b ” is a 
judged subperitoneal metastasis similar to the one shown in Fig. 7 (com- 
pare also with Figs, ii and 12). At “a” is a judged submucosal metastasis 
in the fimbriae of the tube. Compare with Figs, ii, 12 and 13. x S- 
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Fig. II. Photomicrograph of a superficial portion of the judged subperitoneal 
metastases of the uterine wall shown in Fig. 7. The growth apparentl}'^ 
started in the uterine wall and has extended through to the peritoneal sur- 
face. Compare with Fig. 3. In this situation the glandular phase of the 
carcinoma predominates, x 54. 

Fig. 12. Photomicrograph of the judged subperitoneal metastasis to the tubal 
wall indicated by “b” of Fig. 10. The general histological formation of this 
tumor is similar to that of the preceding one. It seems to me that the 
growth probabl}'- started in the deeper portion of the subperitoneal tissues 
and spread in all directions, even to the surface of the peritoneum. Others 
maj"^ claim that it arose from an activation and differentiation of the meso- 
thelium (see arrow) or the implantation of cancer cells on the peritoneal sur- 
face of the tube. Still others may assert that the apparent extension of the 
carcinoma to the surface of the peritoneum is misleading, that what appears 
to be a direct extension of the growth to the surface of the peritoneum is in 
reality the downward growth of the activated mesothelium to meet the 
carcinoma. A careful study of the peripheral extensions of the growth 
shows that they are the same in all directions, x 54. 

Fig. 13. Photomicrograph of the judged submucosal metastasis of the fimbriae 
of the tube shown in “a.” of Fig. 10. If the growths shown in the preceding 
two illustrations are subperitoneal metastases why should not this one be a 
submucosal metastasis rather than a primary tumor in this situation, or an 
implantation? Its apparent origin from the epithelium (see arrow) may be 
misleading. In reality it may be the extension of the growth to the mu- 
cosal surface of the fimbriae as the carcinoma in the two preceding illustra- 
tions extended to the surface of the peritoneum. It was impossible to ascer- 
tain whether the cancer cells reached the situations indicated in these three 
metastases through the lymphatics or veins. With our present knowledge 
of the pathogenesis of similar metastases we believe that the lymphatics are 
the most likely route, x 54. 
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Plate 6 

Fig., 14. Photomicrograph of a section of the left ovary, the utero-ovarian liga- 
ment and a portion of the wall of the uterus (Case 2). By a continuous ex- 
tension the carcinoma has penetrated the uterine wall, passed through the 
utero-ovarian ligament (see arrows) and invaded the ovary. At “a” the 
growth has entered the lumen of a vessel (see the next illustration). The 
continuous invasion of the ovary was demonstrated by serial sections of this 
portion of the block. At “b” the growth has extended through the uterine 
wall to the peritoneal cavity (see Figs. 16 and 17), just as it invaded the 
lumen of the vessel at “a.” x 8. 
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Plate 7 

Fig. 15. Photomicrograph (higher magnification) of the area "a” of the pre- 
ceding illustration demonstrating the extension of the carcinoma into the 
lumen of a vessel. It resembles a lymph vessel more than a vein, but a small 
amount of blood Avas present in its lumen. One can readily see that cancer 
cells could escape easil}’^ from the growth Avhich has penetrated the lumen of 
the vessel and as emboli might be carried wherever the blood or lymph 
stream might take them. In this section the glandular phase of the carci- 
noma predominates, x 54. 

Fig. 16. Photomicrograph (higher magnification) of area of Fig. 14. There 

has been a peritoneal reaction to some irritant Avith the development of 
neAvly formed tissue on the surface of the peritoneum. Enmeshed in this 
tissue are clumps of cells (“a,” “a” and “a”) histologically indistinguish- 
able from the solid phase of the primary uterine groAA'th, shoA\m in Fig. 8, 
and also in the uterine AA'all beneath the neAAdj"^ formed tissue (“b” and 
Serial sections AV'ere made of this portion of the block to determine the 
relation betA\-een the carcinoma in the uterine AA’all and the clumps of judged 
cancer cells in the neAA’h’ formed tissue above it. See the next illustration. 
X 54- 

Fig. 17. Photomicrograph of a section from the same series as the one shoAA’n in 
the preceding illustration. The continuous extension of the carcinoma (see 
arroAA’) through the uterine Avail to the surface of the peritoneum is aa'cII 
shoAA'n. In this section the solid phase of the tumor (shoAA’n in Fig. 8) pre- 
vails: the reaction of the peritoneum, attempting to check the further ex- 
tension of the groAvth, is indicated by the neAA’Iy formed tissue on the sur- 
face of the uterus, also shoAA’n in the preceding illustration. The clumps of 
judged cancer cells (“a” and “a”) enmeshed in this ncAA’ly formed tissue are 
not continuous A\’ith the cancer ("b” and “b”), AA'hich has penetrated the 
uterine AA’all. We have in this, and other sections from this block, the strong- 
est possible circumstantial evidence that strands of carcinoma penetrating 
the uterine Avail ma^’ give rise to implantation carcinoma of the peritoneum 
about the site of the penetration of the uterine Avail by the groAvth. If here, 
Avhy not also in the peritoneum of the posterior cul-de-sac AA’here a peritoneal 
carcinomatosis Avas present? x 54. 
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Plate 8 


Fig, 1 8. Photomicrograph of a cross-section of the right tube, mesosalpinx and 
portion of the enlarged ovary from a patient with extensive carcinoma of the 
body of the uterus, secondary to that of the cervix (Case 3). In the gross 
specimen one could follow easily the subperitoneal lymphatics distended 
Avith cancer cells as Avith a Avhite injection mass, an excellent example of 
lymphatic permeation. Note a large lymphatic “a” in the mesosalpinx 
lined A\’ith carcinoma. The lymphatics of the tube are also distended with 
carcinoma, most marked in the mucosa (see also the next illustration). The 
carcinoma of the ovary tends to form C3'^sts, In both organs the groAvth has 
developed AAdthin the organ and bears no relation to their surfaces. One 
AA-ould not be tempted to attribute the conditions shoA\m here to the trans- 
tubal migration of cancer cells, x 5, 

Fig, 19. Photomicrograph (higher magnification) of a portion of the mucosa of 
the tube shoAAui in the preceding illustration. The tymphatics of the mucosal 
folds are distended Avith carcinoma. In one place “a,” the groAvth has ex- 
tended through the Avail of a lymphatic and invaded the lumen of the tube. 
Its relation to tubal epithelium is Avell shoAVTi to the right of the letter “a.” 
In some AA-ays it, here, suggests that the groAVth might have arisen from the 
tubal epithelium. A fragment of carcinoma lying free in the lumen of the 
tube is indicated at “h.” Such a fragment might escape into the peritoneal 
cavitj'. The conditions presented in these photomicrographs admit of only 
one rational interpretation, and that is that the carcinoma of the tube 
and ovarj’’ is secondary to that of the uterus by lymphatic permeation, or 
metastases, or both phenomena, x 54. 
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Plate 9 

Fig. 20. Photomicrograph of a section of the distal portion of the left uterine 
cornu, including the tube (Case 4). The uterine wall is infiltrated with car- 
cinoma. The lumen of the tube is patent, but carcinoma is present in its 
mucosa, beneath the epithelium. At "a” an apparent implantation of 
carcinoma is shown on the lining of a lymph vessel. See next illustration. 
X 10. 

Fig. 21. Photomicrograph (higher magnification) of the lymph vessel indicated 
by “a” of the preceding illustration. When this implantation was found all 
sections of the block, which had been cut alreadj^ were stained and serial, 
sections were then made of the rest of the block. We were unable to demon- 
strate that this apparent implant was continuous with carcinoma elsewhere. 
I believe that it is an implantation of carcinoma of the skin graft type oc- 
curring on the endothelial surface of a dilated lymph vessel, just as an 
ovarian carcinoma sometimes becomes implanted on the peritoneum, x 54- 

Fig. 22 . Photomicrograph of a cross-section of the tube (Case 4). The patent 
lumen of the tube appears in the lower right portion of the photomicro- 
graph. The wall of the tube is greatly thickened, due to lymphatic stasis, 
the result probably of the occlusion of efferent lymph vessels by carcinoma. 
Some of the dilated tymph vessels are almost completely filled with the 
growth, others are not. In places the carcinoma is attached to the wall of 
the lymph vessels, but in the majority of the lymph vessels the growth ap- 
pears as clumps of cells (emboli) floating about in the lumen of the vessel 
or as cross-sections of strands of carcinoma. Serial sections were made to 
determine whether or not true emboli were present. We were able to dem- 
onstrate that at least some of the carcinoma in these dilated lymph vessels 
are true emboli and not long strands or threads (roots) continuous with the 
primary tumor, x 10. 

Fig. 23. Photomicrograph of a section of a dilated tymph vessel in the meso- 
salpinx. True emboli are present. In the center of the photomicrograph is 
an implantation of the foreign body t\'pc, such as often occurs in the im- 
plantation of ovarian carcinoma on the peritoneum. Compare with Fig. 21. 

X 54 - 
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Fig. 24. Photomicrograph of a section of the tubal mucosa (Case 4) demon- 
strating the pathogenesis of carcinoma of this tube from carcinoma of the 
uterus, as a result of lymphatic permeation and metastasis (compare with 
Fig. 19). X 54- 

Fig. 25. Photomicrograph of a section of the ovary (Case 4), demonstrating the 
invasion of the ovary by carcinoma from that of the uterus through the 
lymphatics in the hilum of the ovary, x 5. 

Fig. 26. Photomicrograph of a section through the cortex of the ovary demon- 
strating the invasion of this portion of the ovar}'^ from carcinoma entering 
the ovary through its hilum and not its surface, x 54. 
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Fig. 27. Photomicrograph of a section (horizontal plane) of a portion of the 
uterine cornu including the uterine ostium of the tube from a patient aged 
63 (Albany Hospital No. 8868-32), with adenocarcinoma of the body of the 
uterus involving the entire uterine mucosa. The patient had a previous 
operation 6 years before, when the pelvic floor was repaired, the appendix 
and both tubes and ovaries removed, and the uterus fixed to the abdominal 
wall. By continuous extension the carcinoma has invaded the uterine wall; 
and by a similar process it has passed through the uterine ostium of the tube 
into the uterine portion of the tube, replacing the mucosa of the latter. One 
can realize that particles of carcinoma might have broken off from the 
growth in the tube and might have migrated into the lumen of the tube be- 
3'ond, had the tube not been removed at a previous operation. A similar 
condition was present in the opposite uterine cornu, x 10. 

Fig. 28. Photomicrograph of a section (vertical plane) of the uterine cornu, in- 
cluding the uterine portion of the tube from_^ patient aged 59 (Albany 
Hospital No. 8521-30), with an advanced adenocarcinoma of the body of 
the uterus. continuous extension the carcinoma has invaded the uterine 
wall, penetrated the lymphatics, and also extended through the uterine 
ostium of the tube into the uterine portion of the latter. A similar condition 
was present in the opposite uterine cornu. Bilateral hydrosalpinx, evidently 
due to a previous pelvic infection was present. Both tubes were occluded in 
their uterine portion, x 10. 
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Fig. 29. Photomicrograph of a longitudinal section (vertical plane) of the left 
uterine cornu, including the uterine portion of the tube and a part of its 
isthmus, from a patient aged 56 (Alban}’- Hospital No. 62-33), with a very 
early adenocarcinoma of the body of the uterus confined to the mucosa of 
the left uterine cornu. By continuous extension (shown by serial sections) 
the carcinoma has extended through the uterine ostium of the tube into the 
uterine portion of the latter, just as it spreads by replacing the mucosa of 
the body of the uterus. Carcinoma was not found in the tube beyond the 
place indicated in the photomicrograph, x 5. 

Figs. 30, 31 and 32. Photomicrograph from a series of cross-sections of the 
uterine cornu and isthmus of the tube from a patient aged 64 (Albany 
Hospital No. 7587-32), with an advanced adenocarcinoma of the body of 
the uterus replacing the entire endometrium and invading the uterine wall. 
By continuous extension the carcinoma has passed through the uterine 
ostium of the tube into the uterine portion of the latter (Figs. 30 and 31). 
A cancer embolus is present in the lumen of the isthmus (Fig. 32); this is 
not continuous with the growth shown in the preceding photomicrograph. 
X 10. 

Fig. 33. Photomicrograph (higher magnification) of the carcinoma shown in 
Fig. 30. Its histological structure suggests a primary adenocarcinoma of 
the tubal mucosa. In reality it represents a graft of the uterine carcinoma 
in the tubal mucosa from the continuous extension of the primary tumor 
through the uterine ostium of the tube, x 54. 

Fig. 34. Photomicrograph (higher magnification) of the carcinoma shown in 
Fig. 31. It appears to be lying free in the lumen of the tube. In reality it is 
continuous with the growth shown in the preceding photomicrograph. It 
represents the outgrowths of the latter into the lumen of the tube as car- 
cinoma grows into the lumen of a vein or lymph vessel. It is conceivable 
that emboli might arise from such a process and be carried to other portions 
of the tube, or even escape through the fimbriated end into the peritoneal 
cavity. Such emboli were found in the isthmus (Fig. 32), and likewise in the 
ampulla of the tube (see insert “a” and abo Fig. 35). The embolus shown 
in insert “a” was in the ampulla of the tube about 1.5 cm. from the ab- 
dominal ostium, ^^^lile some of the cells stained as well as those in the 
growth from which it was apparently derived, others did not. Karyorrhexis 
of some of the nuclei is present, x 130. 

Fig. 35. Photomicrograph of a portion of a section of the ampulla of the same 
lube shown in the preceding illustration, .‘\nother cancer embolus is shown 
situated between the folds of the tubal mucosa. The cells in this embolus 
stained better than those shovm in the embolus of insert “a” of Fig. 34 - 
Circumstantial evidence suggests that these emboli were present in the 
tube prior to the operation. Many interesting questions arise. Do these 
emboli wandering about in the lumen of the tube increase in size.' Compare 
them with the smaller outgrowths shown in Fig. 34. How long will the can- 
cer cells live in these emboli? Can they become grafted in the tubal mucosa 
if a suitable soil is found or created? See Fig. 42, WTiat might happen if 
they escaped into the peritoneal cavity? x 130. 









Plate 13 

Fig. 36. Photomicrograph of a section of a metastasis of a papillary adeno- 
carcinoma of the uterus to the vagina (Case 5). Circumstantial evidence 
indicates that it is a wound implantation. The hymen was injured in ex- 
posing the cervix while obtaining a biopsy prior to the introduction of 
radium 2 months before. The papillarj’^ carcinoma, with the same histologi- 
cal structure as the primar}'^ tumor, has arisen in the scar of this wound. 
Note the superficial character of the tumor and the normal stratified epi- 
thelium on both sides of its base. Compare also vuth Fig. 21, demonstrating 
a similar papillary carcinoma implanted on the surface of a lymph vessel. 
The various stages in the development of the implants in the two situations 
are the same, namely, the grafting of cancer cells on or in a wound with the 
attempted healing of the wound and the continued growth of the cancer 
cells in this situation. This was the only vaginal metastasis found, x iS- 

Fig. 37. Photomicrograph of a possible implantation carcinoma in the uterine 
mucosa secondary to adenocarcinoma of the uterus from a patient aged 57 
(Albany Hospital No. 5221-29). On incising the uterus, after its removal, 
this papillary growth was noted near the primary tumor but grossly not 
continuous with the latter. Serial sections failed to demonstrate any con- 
tinuity between the primary uterine tumor and the small papillary growth 
near it. .A.lthough a multicentric origin cannot be excluded, the possibility 
of an implantation inetastasis must be considered. Since cancer cells can 
become implanted on endothelial surfaces and in vaginal wounds wh}’’ not 
in uterine mucosa, if a suitable soil be created? x 8. 
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Fig. 38. Photomicrograph of a section of a metastatic carcinoma of the anterior 
vaginal vail, secondary' to an advanced carcinoma of the uterus (Case 6). 
The carcinoma was situated in the anterior vaginal wall beneath the urethra 
and was partially exposed. It is impossible to state the method of its origin, 
whether by implantation or retrograde metastasis through the lymph ves- 
sels or veins. The patient had a diagnostic curettage a year ago and re- 
peated X-ray treatments since then in another hospital. Compare v.-ith 
Fig. 1 13. X 10. 

Fig. 39. Photomicrograph of a metastatic carcinoma of the cervical mucosa 
secondary' to the carcinoma of the uterus (Case 6). The growth is situated 
on the mucosa of the posterior wall of the cervix and is not continuous 
with the primary tumor. The very superficial character of the growth, the 
absence of any lymphatic involvement and the history'’ of a curettage a year 
ago all point to an implantation in a wound of the cervical mucosa. Com- 
pare with the conditions show'n in Figs. 21, 36 and 37. x 10. 





Plate 15 

Fig. 40. Photomicrograph of a longitudinal section of the distal end of the left 
tube (Case 6). Note the superficial character of the carcinoma and the in- 
folding of the tubal fimbriae as a result of their reaction to the tumor. In 
time the fimbriated end of the tube would have become occluded. Many 
sections of this block were studied and it was shown that what appear as 
multiple tumors in this photomicrograph are in reality all one growth. Is 
this carcinoma an instance of multicentric origin, or is it secondary' to the 
uterine tumor by metastasis through the lymphatics or veins? Carcinoma 
was not found in the lymphatics of the tube. However, clumps of judged 
cancer cells were found in the veins of the peripheral portion of the wall of 
the uterus and also in one vein in the tubal wall near the uterus. Can an 
implantation of cancer cells escaping through the lumen of the tube be 
excluded? x 10. 

Fig. 41. Photomicrograph (higher magnification) of a portion of the section 
shown in the preceding illustration. The general histological structure of 
the growth is that of one arising from the tubal epithelium, or of cancer cells 
grafted in the tubal mucosa. Other sections demonstrated that the portion 
of the carcinoma marked “b” was continuous with that on the surface, just 
as the portion marked “c” is continuous with the latter. Note the cellular 
debris, containing clumps of cancer cells, in the lumen of the tube. It is con- 
ceivable that some of this material might have escaped into the peritoneal 
cavity if it had not been prevented b}’^ the infolding and agglutination of the 
tubal fimbriae. It is also conceivable that it might have migrated toward 
the uterus. See next illustration, x 54. 

Fig. 42. Photomicrograph of a portion of a cross-section of the ampulla of the 
tube proximal to the block from which the preceding section was made. 
Debris at “a” and “b,” similar to that shovm in the preceding illustration, 
is present in the lumen of the tube. A clump of cancer cells “a,” similar to 
those marked “a” of the preceding illustration, is attached to the tubal 
mucosa in a cleft between two mucosal folds — a situation most favorable 
for splinting a graft (compare with Fig. 35). The epithelium beneath this 
clump has disappeared — the onty area in the entire cross-section of the 
tube where the tubal epithelium is lacking. At this point there appears 
to be an intermingling of the cells of the tube with those of the clump. 
Many sections were made of this block and showed that clump “a” was not 
continuous with carcinoma elsewhere in the tube. Could the phenomenon 
shown here be interpreted as the grafting or implantation of cancer cells m 
tubal mucosa? See next illustration, x 130. 

Fig. 43. Photomicrograph of a portion of the mesosalpinx of the isthmus of the 
tube shown in Fig. 28 demonstrating clumps of cancer cells in a lymph ves- 
sel. Manv sections, some in series, demonstrated that the carcinoma in this 
situation was not continuous with carcinoma elsewhere m the specimen. 
Implantation is the only rational interpretation of the pathogenesis of this 
condition, which arose from the grafting of cancer cells, which had escaped 
into the lymphatic from the primary uterine carcinoma, on the endothelial 
lining of this lymph vessel. If so, could not the phenomenon in the preced- 
ing illustration well represent the grafting of cancer emboli in tubal mucosa.'' 
The fundamental stages of the de%'elopment of the lesions in the two situa- 
tions were the same, as is also their histological structure, x 13°* 
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Fig. 44. Photomicrograph of a section of the distal end of the left tube and a 
portion of the ovarj'^ adherent to it (Case 7). The tube was distended with 
blood-tinged fluid. Scattered throughout the tubal mucosa are multiple 
carcinomas of various sizes, thus suggesting different ages. Four of these 
are shovm in this photomicrograph, “a,” “b,” “c” and “d.” The largest of 
these is indicated by the letter “a.” Other sections demonstrated that it 
was attached to the tubal mucosa by a slender pedicle. Carcboma was not 
found in the lymphatics or vebs b any portion of the specimen. I beheve 
that the pathogenesis of these lesions admits of only two interpretations: 
first that of a multicentric origin for the carcinomas b the uterus and tube, 
all caused by the same agent or agents acting at different times; secondly, 
that of implantation, cancer cells escapbg from the uterbe growth bto the 
lumen of the tube and becombg grafted in the tubal mucosa with subse- 
quent grafts from this source, x 10. 
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Fig. 45. Photomicrograph (higher magnification) of carcinoma “h” shown in the 
preceding illustration. There is nothing in this section to indicate the origin 
of the carcinoma, whether from a differentiation of tubal epithelium, or 
from grafted epithelium. I believe that the relation between the malignant 
and the normal epithelium, as seen in the advancing edge of the growth, 
would be the same in either instance. The condition shown here suggests 
that the carcinoma might have started in a cleft between two folds of the 
tubal mucosa. This would be an ideal situation for the retention of a clump 
of cancer cells. Compare with Figs. 35 and 42. x 130. 

Fig. 46. Photomicrograph of carcinoma “d” shown in Fig. 44. Note the super- 
ficial character of the growth. It has the same histological structure as 
that of the uterine tumor shown in the next illustration, x 25. 

Fig. 47. Photomicrograph of a section of a portion of the uterine cornu includ- 
ing the uterine mucosa replaced by carcinoma, and the uterine portion of 
the tube. Unfortunately the uterine ostium of the tube was missed in 
trimming the block. Nevertheless, carcinoma in this situation might have 
extended into the uterine ostium of the tube and particles from the grow- 
ing papillary outgrowths (twigs) of the carcinoma in this situation might 
have escaped into the lumen of the tube, just as similar fragments escape 
into the lumen of a lymphatic from the ends of rootlets which have pene- 
trated these vessels. The grafting of some of the particles in the tubal 
mucosa could account for the secondare" carcinoma of the tube, x 10, 



American Journal or Pathology. Vol. X 


Plate 17 










Plate i8 


Fig. 48. Photomicrograph of a sagittal section of the distal end of the left tube 
(Case 8). The uterus contained multiple myomas and an advanced adeno- 
carcinoma of its body. Aside from peritoneal adhesions about the fimbri- 
ated end of this tube and the ovary they, as well as the opposite tube and 
ovary, appeared normal. There was no gross evidence of peritoneal car- 
cinomatosis. Many sections of this block were studied and showed that the 
judged carcinoma of the tubal fimbriae appeared superficial in all. Car- 
cinoma was not found in the tubal wall beneath it or in any other portion of 
the tube. From the histological structure of the growth as well as from cir- 
cumstantial evidence, it must have arisen either from a differentiation of 
the tubal epithelium, or the grafting of cancer cells escaping from the 
uterine growth through the lumen of the tube. The latter seems more 
logical to me. The tube was ligated (“lig.”) proximal to the fimbriated end 
at the operation. This would not have been done had the carcinoma of the 
fimbriae been recognized, x 10. 

Fig. 49. Photomicrograph (higher magnification) of the carcinoma shown in 
the preceding illustration showing better the character of the lesion. Is it a 
true carcinoma or merely a hyperplasia of the tubal epithelium? See next 
illustration, x 54. 

Fig. 50. Photomicrograph of the papillary adenocarcinoma of the uterus. 
There is such a marked similarity between this and the condition of the 
tubal fimbriae that I believe they are the same, x 54- 
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Plate 19 

Fig. 51. Photomicrograph of a section of the wall of a dilated tube with multi- 
ple superficial patches of adenocarcinoma in its lining. These areas are of 
various sizes, thus suggesting different ages. These lesions were associated 
w'ith an adenocarcinoma of the bod)’^ of the uterus, which had replaced the 
greater portion of the mucosa of the fundus, including that of both cornua 
(Case 9). Both tubes were dilated as in hydrosalpinx, with occlusion of 
their abdominal ostia and contained multiple carcinomas, as indicated in 
this photomicrograph. The multiple carcinomas of different sizes in the two 
tubes indicate either a multicentric origin, multiple metastases through the 
blood or lymph stream, or the implantation of particles of cancer which we 
realize must have been floating about in the lumen of the tube. Cancer 
emboli w'ere not found in the veins or lymphatics of the tubal wall, but were 
present in the lumen of the tube. All the tubal carcinomas were superficial. 
Compare with the judged implantation carcinomas shown in Figs. 21, 36 
and 39. X 10. 

Fig. 52. Photomicrograph (higher magnification) of area “a” of the preceding 
illustration. Note the very superficial character of the growth, that it has 
replaced the tubal mucosa at the right and has arched over the tubal epithe- 
lium to the left to become attached again to the tubal wall, x 54 - 

Fig. 53. Photomicrograph (higher magnification) of area “b” of Fig. 51, em- 
phasizing the superficial character of the growth in this situation and creat- 
ing the impression that it has been added to the surface of the lining of the 
tube. X 54- 
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Fig. 54. Photomicrograph of one of a series of sections of the uterine cornu and 
uterine portion of the tube (Case 9). By continuous extension the car- 
cinoma of the uterus has invaded the uterine portion of the tube through its 
uterine ostium. Note the superficial character of the growth of the same 
histological structure as that sho\TO in Fig. 51, and the wa}’’ it has replaced 
the tubal mucosa, x 10. 

Fig. 55. Photomicrograph of a section of the uterine portion of the tube from 
the same series shown in Fig. 54, but distal to the latter. The carcinoma in 
this section is continuous with that shown in the preceding one and has 
occluded the lumen of the tube (compare with Fig. 30). It is attached to 
the tubal wall in only one area. It is conceivable that particles of cancer 
from such a growth might as readily escape into the lumen of the tube be- 
yond it, as cancer emboli escape from a similar growth that has penetrated 
the lumen of a vessel. See next illustration. In both instances we are 
dealing with the advancing (invading and therefore growing) part of the 
tumor. X 10. 

Fig. 56. Photomicrograph of a section of the uterine portion of the tube distal 
to the section shown in the preceding illustration. Note the carcinoma in 
the lumen of the tube. Serial sections demonstrated that some of this was 
continuous with the growth shown in the preceding illustration. Free par- 
ticles of the growth, however, are present, which, with the occlusion of the 
lumen of the tube by the carcinoma shown in Fig. 55, might migrate in the 
tube towards its fimbriated end and even escape into the peritoneal cavity 
if the abdominal ostium were patent, x 54. 

Fig. 57. Photomicrograph of a portion of a cross-section of the isthmus of the 
tube shown in the preceding illustration. The lumen of the tube is becom- 
ing occluded b}' an unusual reaction. See next illustration, x 54- 

I'lG. 58. Photomicrograph (higher magnification) of a part of the section shown 
in the preceding illustration. I do not know how to interpret the condition 
shown here. I am tempted to believe that it must be a reaction arising from 
something escaping into the lumen of the tube from the growth in the 
uterus, or that in the tube. Are the large epithelial cells, to the left, atypi- 
cal cancer cells or hj^oertrophied and distorted tubal epithelium.-' I\Tiat is 
the relation between the carcinoma of the uterus and that in the two tubes.-' 
Arc all the isolated carcinomas in the three situations tumors of multicen- 
tric origin due to the j^ame agent, or agents acting at different times.-* 1 he 
escape of cancer cells from the uterine growth into the lumina of the tubes, 
with subsequent implantation on the lining of the tubes followed by second- 
ary implantations, would account for the condition present in these three 
situations, x 130. 
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Fig. 59. Papillarj' adenocarcinoma of the body of the uterus and of the left 
tube (Case 10). Multiple carcinomas of various sizes, therefore suggesting 
different ages, are present in both the uterus and the tube. Is this an ex- 
ample of the multicentric origin of carcinoma due to the same agent or 
agencies acting at different times, causing a like differentiation of uterine 
and tubal epithelium into carcinoma? Is it possible that the growth in both 
the uterus and tube may have spread by the implantation of cancer cells 
escaping into these cavities? What is the relation between the carcinoma 
of the uterus and that of the tube? Could one be secondary to the other? 
Why is carcinoma present in the left tube and not in the right? See Figs. 61 
to 68, inclusive, x 2/3. 

Fig. 60. Photomicrograph of a section of the largest growth present in the left 
tube. Similar and even larger growths were present in the uterus. Note the 
superficial character of the tumor. Many sections (some in series) were 
made of this block and it was demonstrated that the carcinoma had spread 
from the base of this papilloma, replacing the tubal epithelium. On inspect- 
ing the surface of this papilloma, one can readily understand how clumps of 
living cancer cells might break off from the growing tips of the papillarj" 
outgrowths and be disseminated into the cavity of the tube, just as cells 
escape into the peritoneal cavity from a similar growth on the surface of the 
ovaiA' or as carcinoma escapes into the lumen of a IjTOph vessel. The small 
isolated growths in the tube are not unlike implantations on the peri- 
toneum and in lymph vessels, x 10. 
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Fig. 61. Photomicrographs of two sections of the tubal wall showing three dis- 
crete patches of carcinoma replacing the tubal mucosa. The variation in 
their sizes suggests different ages. Note that the one to the left is spreading 
over and replacing the tubal mucosa. Compare these with the tumors 
shown in the preceding illustration, all the same magnification, x 10. 

Fig. 62. Photomicrograph (higher magnification) of the patch of cancer “a” of 
the preceding illustration. I believe that the cancer began in the center of 
the patch where the growth is the most advanced and probably spread in 
all directions, x 54. 

Fig. 63. Photomicrograph (still higher magnification) of the advancing edge of 
the patch of carcinoma showm in the preceding illustrations. One can see 
that the growth has replaced the tubal epithelium and is advancing over it 
to the right, x 130. 
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Fig. 64. Photomicrograph of a portion of the uterus showing some of the 
smaller patches of carcinoma indicated in Fig. 59. Note the very superficial 
character of the growth and the way it has apparently spread over the 
mucosa by direct extension and also, I believe, by implantation, x 10. 

Fig. 65. Photomicrograph (higher magnification) of patch “a” of the preceding 
illustration. Many sections of this block demonstrated that this patch of 
carcinoma was not continuous with that elsewhere in the specimen. Note 
its very superficial character, as though added to the surface of the uterine 
mucosa. Its pathogenesis cannot definitely be determined. However, one 
is impressed that in some way it must be derived from the carcinoma of the 
uterus near it. It is not continuous with the latter. Compare with Figs. 21, 
36, 39 and 51. X 54 - 

Fig. 66. Photomicrograph of a section of the left cornu of the uterus, including 
the uterine ostium of the tube. By serial sections one could follow the car- 
cinoma, replacing the uterine mucosa, into the ostium of the tube, thus 
plugging the latter, as in Figs. 30 and 55. x 10. 

Fig. 67. Photomicrograph of a section of the uterine ostium of the tube, distal 
to the preceding section, showing carcinoma in its lumen continuous with 
that shown in the preceding illustration. Clumps of cancer cells from such 
an area might easily escape into the patent tube or even into the peritoneal 
cavity, should the fimbriated end be open. A study of this specimen in- 
dicates that implantation of carcinoma might have occurred in both the 
uterine and tubal mucosae. The last two illustrations indicate a way that 
cancer cells from the uterine tumor might have escaped into the lumen of 
the tube. The isthmus of the tube was patent, x 25. 
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Fig. 68. Photomicrograph of a cross-section of the isthmus of the right tube. 
Carcinoma was not found in the right tube. An endosalpingeosis (see 
“End.” of Fig. 59) is present in this tube with occlusion “a” of its lumen. 
This probably was present before the growth developed in the uterine mu- 
cosa, and would prevent the escape of particles of the uterine growth into 
the lumen of this tube, as could have occurred in the opposite tube, x 10. 

Fig. 69. Photomicrograph of a section of the cervix (Case 10), showing early 
squamous cell carcinoma “c” arising from the mucosa of the vaginal por- 
tion of the cervix near its junction wth the mucosa of the cervical canal. 
This is the strongest argument in the case favoring the multicentric theorj’’ 
for the origin of the many carcinomas of different sizes in the uterus and 
left tube. Even so it does not prove that these carcinomas are not of im- 
plantation origin, x 10. 
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Fig. 70, Adenocarcinoma arising in the right cornu of a markedly bicomuate 
uterus (Case ii). Both tubes and ovaries had been removed with the 
uterus. Carcinoma was not found in either the left tube or ovar>’^ but was 
present in the right tube and ovary. Natural size. 

Fig. 71. Photomicrograph of a section of the advancing margin of the cancer. 
Note the superficial character of the growth and the way it replaces and 
rides over the adjacent uterine mucosa, x 54- 

Fig. 72. Photomicrograph of a section of the uterine ostium of the right tube 
showing clumps of cancer cells in its lumen undoubtedly derived from that 
portion of the growth filling the right uterine cornu (see Fig. 70). Similar 
clumps of cells might easily have gone farther into the lumen of the tube 
and even out through the fimbriated ostium into the peritoneal cavity. 
y- 54 - 
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Fig. 73. Photomicrograph of a section of the right ovary and portion of the 
distal end of the occluded tube fused with the surface of the ovary, as may 
occur in hydrosalpinx (Case ii). Cancer “c” is present in the newly formed 
tissue which has developed between the ovarj”^ and wall of the tube. The 
small cyst of the ovary is lined by carcinoma. Compare with Fig. loS. 
X 5 - 

Fig. 74. Photomicrograph of a section of a portion of the ovary and the oc- 
cluded fimbriated end of the tube which is fused with the ovary. Car- 
cinoma developing in the fimbriae of the tube might have caused an infold- 
ing of these structures and occlusion of the tube, as occurs in inflammatory 
conditions and also in other instances of carcinoma in this situation (sec 
Fig. 40). The subsequent growth of the carcinoma in this situation might 
have invaded the ovarj’^ and given rise to the conditions indicated in this 
and the preceding illustration. What was the pathogenesis of the car- 
cinoma of the tubal fimbriae? I believe that it could have arisen from 
the transtubal migration of particles of cancer escaping from the primary 
uterine growth. Others may claim that it reached the fimbriae through the 
braph or blood streams. See next illustration, x 10. 
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Plate 27 

Fig. 75. Photomicrograph of a relatively early patch of carcinoma of the mu- 
cosa of the distal portion of the ampulla of the tube. Note the relation of 
the advancing cancer cells to the normal tubal epithelium on both sides of 
this patch. The carcinoma probably developed near the center of the 
patch. I believe that carcinoma starting either as a graft or from a differen- 
tiation of tubal epithelium (multicentric origin) could have given rise to the 
histological picture shown in the sections of this patch of carcinoma. 
Metastasis through the lymph or blood stream could not have given rise to 
the condition shown in this or the next photomicrograph, x 54. 

Fig. 76. Photomicrograph of apparently an older patch of carcinoma which has 
developed in the tubal mucosa. This patch of carcinoma, as the preceding 
one, was isolated and not continuous with that elsewhere in the specimen. 
Note the very superficial character of the growth, as though added to the 
surface of the tubal mucosa. Compare with Figs. 21, 36, 39, 51 and 65. 
X 25. 

Fig. 77. Photomicrograph (higher magnification) of the section of the tubal 
wall shown in the preceding photomicrograph, to the right of the patch of 
carcinoma. The tubal epithelium is lacking in the center of the photo- 
micrograph. Through this break newly formed tissue has poured into the 
lumen of the tube. Enmeshed in this newlj'^ formed tissue are clumps of 
epithelial cells. It is impossible to state whether they are cancer cells or 
clumps of hyperplastic desquamated tubal epithelium. Naturally the ques- 
tion arises as to what could have caused this reaction, other than the car- 
cinoma in the tube or something derived from it. This area might provide 
ideal soil for the grafting of cancer cells floating about in the lumen of the 
tube. X 130. 
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Plate 28 


Figs. 78 and 79. Photomicrographs of sections of two metastatic carcinomas of 
the left ovary, associated with an adenocarcinoma of the body of the uterus 
(Case 12). The bottom of the posterior cul-de-sac was obliterated by a 
similar growth fusing the posterior wall of the cervix with the sigmoid and 
presenting in the posterior vaginal vault, as frequently occurs in endome- 
triosis in this situation. Carcinoma in tissue spaces and possibly lymphatics 
of the ovary was found only about the periphery of the two metastatic 
tumors, and Avas judged to represent invasions by the metastatic tumors 
and not necessarily indicate their pathogenesis. The superficial character 
of the ovarian metastases, as well as the obliteration of the bottom of the 
cul-de-sac by the carcinoma, strongly favors the dissemination of carci- 
noma through the patent tubes with implantation on the surface of the 
ovarj’’ and peritoneum of the cul-de-sac. Exact duplication of the condi- 
tions found in this case are frequently encountered in endometriosis, x lo- 

Fig. 80. Photomicrograph (higher magnification) of area “a” indicated in pre- 
ceding photomicrograph. The character of the metastatic tumor, identical 
with that present in the uterus, is shoivn at the right. To the left are cells 
“c” on the surface of the ovarj" similar to those of the metastatic tumor, 
and associated with a definite reaction of the underlying ovarian tissue 
similar to that caused by an irritant applied to the surface of the ovarjL It 
wellmight represent the implantation of cancer cells in this situation, x 54- 
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Plate 29 

Fig. 81. Photomicrograph of a section of a portion of the right uterine cornu 
including the tube and a small part of the uterine mucosa (Case 13). The 
patient had a large endometrial tumor distending the uterine cavity and 
protruding through the cervical canal. This was judged to be a stromal cell 
sarcoma, or possibly an atypical carcinoma. A papillar>' adenocarcinoma 
was also present in other portions of the uterine mucosa. There was a gen- 
eral peritoneal sarcomatosis, including the involvement of the omentum. 
The normal appearing tube is shown in cross-section w’ith clumps of cells 
lying free in its lumen w’hich might be malignant. -‘\t “c” is a small portion 
of the uterine mucosa replaced by a papillaiw'^ adenocarcinoma. At “a” 
and “h” are two subperitoneal or peritoneal metaslases, which appear to be 
invading the peritoneum from wdthin. Clumps of cancer cells are present in 
lymphatics beneath the base of the larger tumor. This does not prove the 
pathogenesis of the metastasis since an implant might have the same po- 
tentialities of l>Tnphatic invasion as a primary' tumor. While implantation 
metastases cannot be excluded the w'hole picture suggests to me metas- 
tases through the lymph channels. Compare with “a” of Fig. i and “s” 
of Fig. 7. X 10. 

Fig. 82. Photomicrograph (higher magnification) of a portion of the larger 
metastasis shown in the preceding illustration. Note the malignant tumor 
in the lymphatic “L,” but more important the apparent growth of the 
tumor towards the peritoneum from within. Compare \vith Figs. 3 and ii, 
and also with Figs. 84, 85 and 87. x 54. 
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Plate 30 

Fig. 83. Photomicrograph of a section of the ovary (Case 13). Metastases 
“a,” “b,” “c” and “d” are present on the surface of the ovary without in- 
volvement of the lymph vessels of that organ. The ovarian tissue, beneath 
the base of the largest metastasis “a,” has been invaded by the tumor. In 
all the other three metastases the entire tumor is in newly formed tissue on 
the surface of the ovary. Similar metastases were present on the surface of 
the opposite ovary and were all a part of a general peritoneal sarcomatosis, 
all of which had the same histological structure as that of the uterine tumor. 
These metastases differ in their histological structure from those of the 
uterine cornu shown in Fig. 81. These are supraperitoneal and the others 
are subperitoneal. x 8. 

Fig. 84. Photomicrograph (higher magnification) of metastasis “d” of the pre- 
ceding photomicrograph. Note the very superficial character of the growth, 
\snthout any evidence of the tumor in the deeper tissues of the ovary. The 
tumor cells must have been added to the surface of the ovary or have arisen 
from a differentiation of its surface epithelium, i.c., of multicentric origin. 
X 54- 

Fig. 85. Photomicrograph (higher magnification) of metastasis “b” indicated 
in Fig. 83. The entire tumor is situated in newly formed tissue which has 
developed on the surface of the ovarjL The tumor cells are encapsulated in 
this tissue as foreign bodies become encapsulated on the surface of the peri- 
toneum. Compare with Figs. 16 and 17 where a somewhat similar lesion has 
resulted from the direct e.xtension of carcinoma through the uterine wall. 
X 25, 





















Plate 31 

Fig. 86. Photomicrograph of a cross-section of the ampulla of the tube demon- 
strating metastases to its peritoneum, similar to those found on the ovaries 
and elsewhere throughout the peritoneal cavity. Metastasis “a" is very' 
superficial with only a slight invasion of the underlying peritoneum, which 
is only slightly thickened. In metastases *‘h” and “c” the peritoneum is 
markedly infiltrated with carcinoma and therefore greatly thickened, and 
might be confused with metastases of lymphatic origin. Metastasis “d” 
has developed in newly formed tissue and is attached by a slender pedicle of 
the same to the peritoneum of the mesosalpinx. Carcinoma was not found 
in the lymphatics of the mesosalpinx or of the tubal wall, x 8. 

Fig. 87. Photomicrograph (higher magnification) of the metastasis "d.” I 
believe that the pathogenesis of this lesion is the same as that of similar im- 
plantation metastases found in peritoneal carcinomatosis of ovarian origin 
and well shown in Figs. 36 and 37 of a previous paper.® X 54- 
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Plate 32 

Fig. 88, Uterus and tubes (ovaries are not visible as they lie behind the tubes 
and broad ligament) of an advanced adenocarcinoma of the body of the 
uterus, associated with an extensive peritoneal carcinomatosis including the 
omentum and diaphragm, as in extensive peritoneal carcinomatosis of 
ovarian origin (Case 14). Peritoneal metastases “IM,” “M” and “M” are 
present on the surfaces of the uterus and both broad ligaments, .-^t “a” is a 
metastasis of the fimbriae of the right tube and “h” a metastasis to the 
peritoneum of the left tube. The judged primary tumor arose from the 
mucosa of the posterior wall of the uterus and has distended the uterine 
cavity and spread into both uterine cornua, x 2/3. 

Fig. 89. Photomicrograph of the uterine mucosa at one side of the main tumor, 
a tj^iical papillary adenocarcinoma. Since this extended into both uterine 
cornua particles of the carcinoma could have gained access easih' to the 
uterine ostia of the tubes, x 54. 

Fig. go. Photomicrograph of a section of the uterine wall beneath the main 
tumor. It has been almost entirely replaced by the growth, which is partly 
necrotic, x 54. 
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Plate 33 

Fig. gi. Photomicrograph of a section of a portion of the uterus beneath the 
tumor sho\\'n in Fig. 88. Since the main tumor was necrotic and ver\' fri- 
able the greater portion of it became detached from the uterine wall in 
cutting the blocks and therefore does not appear in this section. Note the 
extensive infiltration of the uterine wall by the carcinoma and the encapsu- 
lated growth on the peritoneal surface of the uterus to the right. Although 
many sections from this block were studied I was unable to demonstrate a 
continuity between the growth in the uterine wall and that on its peritoneal 
surface. I believe that the latter was of metastatic origin, as is the metas- 
tasis showm in the next illustration. Both were a part of an extensive peri- 
toneal carcinomatosis, x 3. 

Fig. 92. Photomicrograph of a section through the right ovary, the tube, and 
the large metastasis of the anterior layer of the right broad ligament (see 
of Fig. 88). Carcinoma was not found in any of the lymphatics. 
Therefore, lymphatic permeation can be excluded. In this section car- 
cinoma is present only in the metastasis of the peritoneum of the anterior 
laj’er of the broad ligament and on the surface of the ovaiy at “a” and 
“b ” (see also Figs. 94 and 95). The histological structure of the metastasis 
on the surface of the broad ligament and that of the peritoneum of the 
uterus, shown in the preceding illustration, is the same and I believe that 
both of them had a like origin, beginning in the same way as the metastasis 
shown in Fig. loi. x 3. 

Fig. 93. Photomicrograph of a section of the distal end of the right tube in- 
cluding the carcinoma of the tubal fimbriae shown in “a” of Fig. 88. Did 
the carcinoma of the fimbriae arise from a differentiation of tubal epithe- 
lium or from the implantation of cancer cells on the surface of the fimbriae.-' 

I believe the latter, but realize that it cannot be proved. It is a non-encap- 
sulated implant, i.c., of the grafted and not the foreign body type. Com- 
pare with Figs. 06, 99 and 100. x 10. 

















Plate 34 

Fig. 94. Photomicrograph (higher magnification) of the metastasis to the right 
ovar>’’ indicated by “a” of Fig. 92. It is an encapsulated metastasis and 
might be assumed to be of lymphatic origin. Carcinoma, however, was not 
found in the lymphatics of the ovary. The encapsulation is identical with 
that which follows the escape of foreign bodies into the peritoneal cavity, 
thus suggesting that this metastasis is of implantation origin. See Fig. 2 of 
previous paper,® also compare with Fig. 96 of present paper, x 54. 

Fig. 95. Photomicrograph (higher magnification) of the metastasis of the right 
ovary indicated by “b ” of Fig. 92. It is a partially encapsulated metastasis 
and could be also of implantation origin. See next illustration, x 25. 

Fig. 96. Photomicrograph of a section of a portion of the wall of the sigmoid 
and its mesentery (Case 14). The two metastases have the same histologi- 
cal structure as those of the ovary shown in the two preceding illustrations 
and, I believe, had a like origin, x 25. 

Fig. 97. Photomicrograph of a section of a portion of the wall and lumen of the 
right tube showing clumps of cancer cells “ C ” lying free in the lumen. It is 
impossible to state whether the}’ entered the tube through its abdominal or 
uterine ostium. Carcinoma of the mucosa was not present in this tube. 
Whatever their origin, it demonstrates the transtubal migration of cancer 
cells. Unfortunately, sections were not made of the uterine ostia of the 
tubes, but the growth occupied both uterine cornua, x 54- 
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Plate 35 

Fig. 98. Photomicrograph of a cross-section of the left ovary and tube shown in 
Fig. 88. Metastatic carcinoma is present on the surface of the ovary as in- 
dicated by “a,” “b,” “c” and “d.” Fora higher magnification of implants 
“a ” and “c” see Figs. io3and 104. These implants are very superficial and 
without invasion of the deeper ovarian tissue. Tw'o of the three secondary 
carcinomas of the tube are shown. All are of about the same size and at- 
tached to the tubal mucosa by slender pedicles (see Fig. 100). Carcinoma 
was not found in any of the lymph vessels of the ovar}", tube or mesosal- 
pinx. X 5. 

ITgs. 99 and 100. Photomicrographs of two cross-sections of the tube from a 
series of sections taken through metastasis “b” of Fig. 88. The peritoneal 
metastasis is attached to the surface of the peritoneum by a pedicle, as 
shown in Fig. 99. The tubal carcinoma is attached to the tubal mucosa by a 
pedicle “p” of Fig. 100. Carcinoma was not found in the lymphatics of the 
tube. Although the peritoneal metastasis is encapsulated the growth has 
penetrated the capsule in various places. The tubal tumor is non-encapsu- 
latcd and is approximately of the same size as that on the peritoneum. It 
would seem that the}' probably had a simultaneous and like origin. The 
peritoneal tumor has the histological structure of an implantation tumor of 
foreign body type and that of the tube an implantation tumor of grafted 
type (see Figs. loi and 102). The only other rational explanation for the 
pathogenesis of the two tumors is that they are of multicentric origin, x 10. 
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Plate 36 


Fig. ioi. Photomicrograph of an early implantation of cancer cells on the sur- 
face of the ovarj' between “b” and “c” of Fig. 98. Serial sections made of 
this portion of the block demonstrated that the carcinoma shown here was 
not continuous with that elsewhere. It represents a section of the largest 
part of the growth. A typical reaction to a foreign body is shown; the can- 
cer cells in the center are enmeshed in newly formed tissue, which has arched 
over the surface of the ovary, while those to the right are becoming encap- 
sulated on the surface of the ovary. Cancer cells might have escaped from 
any of the nearby e.xTiosed peritoneal implantations and lodged on the sur- 
face of the ovar>' in this situation. A later stage of the condition shown here 
might resemble the growth shown in Fig. 103, and also in Figs. 91 and 92. 
X 130. 

Fig. 102. Photomicrograph of an early implantation on the upper surface of the 
mesosalpinx sho^ra in Fig. 98 from another section of the same block. This 
too is not continuous with carcinoma elsewhere. It is non-encapsulated and 
is either an implantation of grafted U^ie or the result of a differentiation of 
the mesothelium in this situation. The former theory' appeals to me as being 
the more likely. A later stage of this implant might resemble those shown 
in Figs. 03. 100 and 104. Compare also with Figs. 21, 36, 39, 51 and 
65. X 130. 

Fig. 103. Photomicrograph (higher magnification) of carcinoma on the surface 
of the left ovary, indicated by “a” of Fig. 98. It might have begun as 
shown in Fig. loi and subsequently spread over the surface of the ovar>'. 
If not sufficiently checked by encapsulation implantations similar to those 
shown in Figs. 96, lor and ro2 might arise from it. One can see that clumps 
of cancer cells would easily escape into the peritoneal cavity from the sur- 
face of such an implant and might give rise to secondary implantations of 
the growth, x 54. 

Fig. 104. Photomicrograph (higher magnification) of implant “c’’ of Fig. 98. 
but from another section of the block. One can realize that this might have 
begun as the implant shown in Fig. 102. Compare also v.ith Fig. 05. x 25. 

Fig. 105. Photomicrograph of a portion of the surface of one of the tubal car- 
cinomas shown in Fig. 96, and also of the tubal mucosa opfiosite it. Is the 
ctircinoma of the mucosa a contact implant or one of multicentric origin?' 

I was unable to demonstrate that it was continuous with the growth above 
it. X 54 - 
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Plate 37 

T'ig. 106. Photomicrograph of a section of a portion of the uterine mucosa from 
a patient (Case 15) with adenocarcinoma of the body of the uterus treated 
with radium 2 months before. Carcinoma is still present in the deeper por- 
tion of the endometrium. This was found only in a few places. Carcinoma 
was not found in the uterine wall (many sections from several blocks were 
examined), x 54. 

Fig. 107. Photomicrograph of a section of a portion of the right ovary showing 
a judged metastatic adenocarcinoma of that organ secondary to that of the 
uterus. What is the pathogenesis of this carcinoma of the ovarjL-’ This 
photomicrograph is of a portion of the wall of the small ovarian cyst shown 
in the next illustration, but from another section of the series, x 54. , 

Fig. 108. Photomicrograph of a cross-section of the right tube and ovarjL The 
tube appears normal. It was patent, but presented no particles of carci- 
noma in its lumen. Carcinoma, apparentlj’’ in patches “c,” “c,” “c,” “c” is 
scattered on the surface of the ovary. A small malignant ovarian cyst is 
present, the epithelial lining of which is continuous with that of the growth 
on the surface of the ovarxL Carcinoma is enmeshed in newly formed tissue 
which has arisen on the surface of the ovary between it and the tube. Serial 
sections demonstrated that the majority, if not all, of the patches of carci- 
noma on the surface of the ovary composed one tumor which had spread 
over the surface of that organ in an irregular manner. Carcinoma was not 
found, either in the lymph vessels of the mesosalpinx, or hilum of the 
ovary. The distribution and general histological picture of the ovarian 
carcinoma in this case are exact duplications of those frequently encoun- 
tered in ovarian endometriosis, x 5. 

Fig. loq. Photomicrograph of carcinoma enmeshed in newly formed tissue on 
the surface of the ovary. What is its pathogenesis? Serial sections demon- 
strated that it was but a part of the advancing edge of the growth in the 
newly formed tissue on the surface of the ovary between it and the adherent 
tube of the preceding illustration, x 54. 
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Plate 38 

Fig. 110. Photomicrograph of a section of a peritoneal metastasis in the pos- 
terior cul-de-sac. Its general histological structure is similar to that of en- 
capsulated foreign bodies in the peritoneum and likewise that of many of 
the peritoneal metastases in ovarian carcinoma and of peritoneal endome- 
triosis. The growth in this situation had invaded some of the subperitoneal 
lymphatics as a primar}'^ carcinoma invades the lymphatics of the organ in 
which it arises, x 10. 

Fig. III. Photomicrograph of a section of a portion of the anterior wall of the 
uterus and (to the right) the uterovesical reflection of peritoneum. The sur- 
faces of both are covered with carcinoma. At operation the uterovesical 
reflection of peritoneum was found to be fused with the lower portion of the 
anterior wall of the body of the uterus. During the operation the adherent 
peritoneum was pulled away from the anterior wall of the uterus, thus ex- 
posing the carcinoma which had developed in the bottom of the anterior 
cul-de-sac and fused its peritoneum to the anterior wall of the uterus. Simi- 
lar conditions are frequently found in this situation in both peritoneal 
carcinomatosis of ovarian origin and in peritoneal endometriosis, x 5- 

Fig. 1 1 2. Photomicrograph of a cross-section of the tip of an epiploical append- 
age of the sigmoid, which was fused with the peritoneum of the posterior 
cul-de-sac by carcinoma uniting the surfaces of the two structures. They 
were separated at the operation. The appendage and the corresponding 
area of the peritoneum were excised. What is the pathogenesis of these 
multiple patches of carcinoma on the surface of the ovary and peritoneum? 
The capsules containing radium, which were introduced through the cer\dx 
into the uterine cavity like the plunger of a piston sj'ringe. easily could have 
forced blood-containing particles of cancer out through the patent tubes 
into the peritoneal cavity. The subsequent implantation of these particles 
of cancer would account for the metastases found at operation 2 months 
after the application of radium, x 10. 

Fig. 113. Photomicrograph of a section of the metastasis found in the scar of 
the abdominal incision 4 months after the uterus, tubes and ovaries were 
removed, and the peritoneal implants shown in the preceding illustration 
were excised. 'I’he metastasis is situated just beneath the skin, where the 
edges of the abdominal wall were approximated in the closure of the ab- 
dominal incision. Particles of cancer might easih^ have been implanted in 
the alxlominai wound during the excision and removal of the peritoneal 
metastases. There was no induration of the abdominal wall beneath the 
scar. 'Pile strongest possible circumstantial evidence indicates that this 
metastasis arose from the successful implantation of cancer in the wound 
of the abdominal incision during the operation, just as the other judged im- 
plantation metastases shown in this paper arose from the lodging and re- 
tention of cancer cells in a wound, with the attempted healing of the wound 
and the continued growth of the carcinoma in its new situation, x 6. 
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STUDIES ON THE MATURE AND IMMATURE LYMPHOID 
CELLS OF SPLEEN, LYMPH NODES AND THYMUS OF 
NORMAL RATS AND RATS INFECTED WITH 
TRYPANOSOMA BRUCEI ^ 

C. H. Hu, M.D. 

{From Ibc Dcpartmcnl of Pathology, Pciping U iiion Medical College, Peiping, China) 


In a previous histological study on the lymphatic reaction in ex- 
perimental trypanosomiasis f it was found that in the spleen and 
lymph nodes of white rats infected with Trypanosoma brucei there 
w^as, besides increased activity in the hematopoietic and reticulo- 
endothelial systems, a very striking lymphoblastic h3rperplasia. 
Many of the large lymphoblasts that appeared in the early stage of 
infection were found to be formed by hypertrophy of the small round 
cells (ordinarily known as small l)miphocytes), which constitute the 
main bulk of these organs. Not all of the small rormd cells, however, 
underwent hypertrophy, many of them remaining small even at the 
end of infection. Furthermore the small round cells of the thymic 

* Received for publication May 12, 1933. 

t Since the original report may not be easy of access to all readers of this article, an 
abstract is given here. 

In the sections of normal rat spleen, lymph nodes and thymus, stained with Malloiy’s 
eosin-methylene blue stain, five varieties of cells can be differentiated as follows; (i) 
Large and medium sized lymphoblasts with intensely basophilic cytoplasm and clear 
nuclei with large irregular chromatin masses. These cells are found not only in the ger- 
minal centers, but also scattered among the small lymphoid cells. (2) Large and 
medium sized l3rmphocytes with only faintly basophilic cytoplasm. These are also 
widely scattered, but are especially numerous in the outer zones of the lymph follicles of 
the spleen. (3) Small lymphoid cells with very scanty cytoplasm and small round 
nuclei. These form the main bulk of the lymphoid organs. (4) Plasma cells with violet 
cytoplasm and eccentric nuclei. These are absent in the splenic lymph follicles of normal 
rats but are very numerous in the medulla of the lymph nodes — especially those of the 
chest and abdominal cavities, (s) Cells of the reticulo-endothelial system, which have 
acidophilic cytoplasm, fine nuclear chromatin masses and thin nuclear membrane, and 
can therefore be distinguished easily from all the above varieties. 

In the experiment the rats, after they were each inoculated intraperitoneally with 
about 10,000 trypanosomes, died in from 7 to 10 days. By killing them on successive 
days after inoculation it was possible to follow the series of changes taking place in the 
lymphoid organs. Forty-eight hours after inoculation the spleen was found to be al- 
ready greatly enlarged, and in sections many large lymphoblasts had appeared in the 
interfoUicular lymphoid tissue where normally only a few such cells were present. At 
this stage it was also found that there were many intermediate forms between the large 
lymphoblasts and the small lymphoid cells. Especially significant was the scarcity of 
mitotic figures and the slightly increased amount of dark blue cytoplasm around the 
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cortex, which are also considered by many to be small lymphocytes, 
did not h3T)ertrophy. We therefore assumed that these small round 
cells, which we designated as small l3miphoid cells, could be divided 
into two t3^es, according to their ability to hypertrophy: one, the 
small primitive cells which can form large lymphoblasts; the other, 
the true small lymphoc3rtes which cannot form large lymphoblasts. 
Since these two types cannot be differentiated from each other in 
sections stained by the usual methods, the present study was made 
in an attempt to differentiate them by using the supravital tech- 
nique. 


Material and Methods 

WTiite male rats from 5 to 6 months old, raised in China, were used. Occasion- 
ally, younger animals were employed. The strain of Trypanosoma hrncd was 
kindly supplied by Professor F. G. Novy. A preliminary study showed that the 
histological pictures of the normal and the infected rats were identical with 
those previously described.^ 

The infective material consisted of citrated blood of an infected rat, diluted 
10 to 20 times with normal saline. Each animal to be infected was injected sub- 
cutaneously or into the thymus with an amount of the material containing ap- 
proximately 10,000 or 3000 parasites respectively. In intrathymic injections a 
small amount of India ink was added to the inoculum as an indicator, and in 
order to facilitate these injections smaller animals 2 to 3 months old were used. 

The cells studied were those of the inguinal lymph nodes, the mesenteric 
lymph nodes, the spleen and the thymus. Since the inguinal lymph nodes are 
easy of access and the thymus cannot be exposed without endangering the life 
of the animal, the inguinal lymph nodes were examined first, then the abdominal 
lymphoid organs and finally the thjTnus. All operations v/ere carried out under 
ether anesthesia. A small bit of the desired tissue was removed with a pair of 
fine scissors and immediately placed in a drop of rat serum on a clean coverslip, 
v.’here the cut surface of the tissue was gently scraped with a cataract knife until 
the serum became slightly cloudy. A small drop of the serum was then trans- 


nuclci of some of the small lymphoid cells. The increase of the lymphoblasts at this 
stage then, was apparently due to the hypertrophy of some of the small lymphoid cells. 
Tlierc were, however, many small Umphoid cells in which no change could be detected. 

During the next 2 or 3 days there was a progressive increase in number of both the 
large, and especially the medium sized lymphoblasts, while the unchanged small lym- 
phoid cells gradually decreased in number. Mitotic figures among the lymphoblasts 
bcca.mc very numerous. The plasma cells and the transitional forms between the lym- 
phoblasts and plasma cells also began to appear in the lymph follicles in large numbers. 
After the 6th day the spleen became less cellular, owing to the reduction in number of 
the l>7nphob!asts and plasma cells. 

The above described changes were most striking in the spleen and in tlic abdominal 
and thoracic lymph nodes. T'he inguinal lymph nodes showed only moderate lympho- 
bl.a.'tic hypc-Trlasia. The ihjmic cortex showed surprisingly little change, in spite of the 
fact tliat marked bmiphoblastic hjpierplasia was present in the bmph nodes in its i.m- 
mcrilate nei.ghborhoad. 
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ferred to another coverslip, which was instantly placed on a slide previously 
coated with neutral red and Janus green. From this film 500 cells were imme- 
diately counted. Just before opening the chest cavity to expose the thymus the 
animal was exsanguinated from the carotid artery. For the cell suspension of 
infected rats the serums of both normal and infected animals were used, with no 
apparent difference in results. 

Description oe the Lymphoid Cells 

It may be said at the outset that the l3miphatic change observed in 
experimental trypanosomiasis of the rat is largely of a quantitative 
nature, involving the different t3q)es of lymphoid cells found under 
normal circumstances. The following tabular description of the cells 
(see Table I) is given as a basis for the presentation of the observa- 
tions under discussion. 

Observations on Normal Rats 

As a control to the findings obtained on the cells of the lymphoid 
organs of rats infected with Trypanosoma hrucei parallel observations 
were made on normal rats of the same age and sex, fed on the same 
diet. Before referring to the differential counts m this control series 
the following points should be mentioned as possible sources of error 
in work of this type. 

1. The mitochondria, which are usually well stained within a few 
minutes after the film is made, sometimes lose their stain very 
rapidly without the occurrence of any other noticeable morphologi- 
cal change. The loss of stain is found to be due to overcrowding, for 
in the films with fewer cells this phenomenon is not observed. 

2. Most of the degenerated cells (Fig. 19) are originally small im- 
mature lymphocytes. The degenerative change takes place so 
rapidly that unless the films are examined quickly it will not be ob- 
served. In the process of degeneration a clear zone first appears 
around the nucleus; then the rest of the cytoplasm swells so that it 
becomes practically invisible. While this swelling of the cytoplasm 
is taking place the mitochondria, which are sometimes already 
stained, also swell and begin to dance about, and finally become 
stainless granules, or what look like vacuoles either diffusely scat- 
tered or grouped together on one side of the nucleus, which, in the 
meantime, has become round and homogeneous but unaltered in its 
size. The exact cause of the degeneration is not known and the 
number of degenerated cells does not seem to be appreciably in- 



Table I 

Description of Dijjcrcnt Types of Lymphoid Cells Found in the Rat 
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fluenced, either by mechanical pressure, by the action of the stains, 
or by the age of the preparation. 

3. Although many of the small round cells of the thymus are in- 
distinguishable from those of the lymph nodes and spleen there is, 


Table II 

Average Perccnlage Values of the Differential Counts on the Organs of 7 Normal Rats: 

500 Cells Counted in Each Preparation 


Type of Cell 

Organ 

Inguinal 
lymph node 

Mesenteric 
lymph node 

Spleen 

Thymus 

Small l3aiiphob]asts 

■B 

1-3 

2.0 

1. 1 

Small immature lymphocytes 

75 - 7 

64.7 

60.0 

83.92 

Small lymphocytes 


1.9 

mm 

+ 

Small degenerated cells 

21,2 

29.3 

28.9 

9-7 

Medium sized lymphoblasts 

0.3 

1 0.4 

1*3 1 

..0 

Medium sized immature l3anphocytes, 
lymphocytes and degenerated 
cells ^ 

0.3 

1 

i 

I.O 

m 

1 

0.9 

Large lymphoblasts 

1 

0.2 

0.4 

0.8 

I.I 

Large immature lymphocytes, lym- 
phocytes and degenerated cells ^ 

! 

0.2 

0*3 

0,9 

0.5 

Plasma cells 

0 

0.4 

03 

+ 

Monocyte-like cells 

+ 

0 

0 

0 

Clasmatocytes . . . ^ 

O.I 

0. 1 

0.6 

0.4 

Neutrophilic leukocytes 

O.I 

O.I 

0.4 

0, I 

Eosinophilic leukocytes 

+ 

+ 

0.3 

+ 


1, Owing to their scarcity these cells are grouped together under their respective sizes, 

2. Includes some cells morphologically slightly different (see text). 
s= present, but less than o.i per cent. 


among the small immature lymphocytes, one type that is much more 
frequently seen in this organ than in the other organs. Cells of this 
t)q)e (Figs. 10, ii, 12) are characterized by rather deep and coarse 
neutral red bodies, usually two or three in number, but sometimes 
more, generally clustered on one side of the cell. The mitochondrial 
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content is not noticeably different from that of the ordinary small 
immature lymphocytes. 

Differential counts of the cell suspensions from the surface scrap- 
ing of the inguinal l3miph nodes, mesenteric lymph nodes, spleen and 
thymus of 7 normal animals were made, the results of which are 
shown in Table II. It will be seen that lymphoblasts of all sizes 
(Figs. I, 20, 27) were found in all these organs, although only in 
small munbers. The majority were the small immature lymphocytes 
(Figs. 3, 4, 5 and 6) which, together with their degenerated forms, 
constituted about 90 per cent of the total count. Attention is to be 
given to the fact that whereas the percentage of small degenerated 
cells was fairly high in the lymph node and the spleen films, it was 
much lower in those of the thymus. Mention should also be made of 
the fact that although myeloid cells were occasionally seen in the 
films made from splenic tissue, they were not encountered when these 
particular coimts were made. 

Observations on Intected Rats 

It has been found ^ that intraperitoneal injection of Trypanosoma 
hriicei is followed by a rapid lymphoblastic hyperplasia of the spleen 
and of the lymph nodes of the thoracic and abdominal cavities. The 
reaction in the inguinal and other superficial lymph nodes, however, 
is only slight or moderate. The absence of a marked reaction in these 
l\mph nodes is apparently due to the scarcity of parasites in them. 
To prove this point 7 rats were infected subcutaneously in the right 
inguinal region. On the 7th day after inoculation it v/as found that 
the spleen was as much enlarged as in those animals infected by the 
intraperitoneal route, but also that there was an extreme enlarge- 
ment of the inguinal lymph nodes on the side of injection (Fig. 32). 
They formed a mass, fifteen or twenty times larger than normal, and 
areas of necrosis and hemorrhage were frequent. In marked contrast 
to this finding the inguinal Ijnnph nodes on the left side, which was 
not inoculated, and the thoracic and mesenteric lymph nodes showed 
only slight enlargement. The results of tlie cell counts on these 
animals are shown in Table III. 

In Table III it will be noted that the increase in the number of 
lymphoblasts and plasma cells is most marked in the right inguinal 
Ij-mph nodes, slightly less in the spleen, much less in themesentcnc 
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and left inguinal lymph nodes, and almost unnoticeable in the 
thjnnus. 

The differences between the percentage values of the lympho- 
blasts and plasma cells of the lymphoid organs of the normal rats 

Tabjce ni 


Average Percentage Values of the Dijerential Counts on the Organs of 7 Infected Rats 
Examined on the ^th Day of Infection: yoo Cells Counted in Each Preparation 


Type of Cell 

Organ 

Idght 

inguinal 

lymph 

node 

inguinal 

lymph 

node 

Mesenteric 

lymph 

node 

Spleen 

Thymus 

Small lymphoblasts 

13-3 

0.8 

B 


1-3 

Small immature lymphocytes 

39.0 

66.1 

70.0 

49-4 

82.02 

Small degenerated cells 

19.1 

29.0 

22.9 

I 3 -S 

II. 2 

Small lymphocytes 

0-3 

o.x 

0.5 

B 


Medium sized ^mphoblasts 

9.8 

0.9 

1 

I.O 1 

1 8-3 1 

' J 

2.4 

Medium sized immature lymphocytes, 
lymphocytes and degenerated cells ^ 

0.9 

0.6 

B 

B 

I 

i 

0.4 

Large lymphoblasts 

' 7.0 

0*3 

0-5 

7-9 

i.i 

Large immature limiphocytes, lym- 
phocytes and degenerated cells ^ , . 

I.O 

0-3 

0*3 

1.9 

B 

Plasma cells 

6.5 

0,2 

1.6 

4.2 

+ 

Monocyte-like cells 

+ 

0. 2 

0 

+ 

+ 

Clasmatocytes . . . ; 

2.9 

B 

0.8 

6.1 

I.O 

Neutrophilic leukocytes 

B 

H 

B 

m 

0.3 

Eosinophilic leukocytes 


H 

HI 

B 

+ 


1, Owing to their scarcity these cells are grouped together under their respective sizes. 

2. Includes some cells morphologically slightly different (see text). 

-f- «= present, but less than o.i per cent. 


and those of the infected rats, as shovm in Tables II and III, are 
graphically represented in Chart I. 

The striking difference in the reaction of the inguinal lymph nodes 
of two sides indicates that the degree of hyperplasia in the l3Tnphoid 
tissue is dependent upon the local concentration of parasites. In 
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order to ascertain if the failure of the th5unus to participate in the 
general reaction is also due to the absence in it of parasites, a mixture 
of India ink and about 3000 trypanosomes was injected directly into 
the th5rmus of 5 rats. By the 5th or 6th day, when the blood was 
swarming with trypanosomes and the animals were in a moribund 
state, counts of thymic cells were made. The results of these counts, 
as shown in Table IV, indicate that l3anphoblastic proliferation was 



IHGUIMAI. MODES MESEMTERJC NODES 




SPLEEN 




M L Pi 
THYMUS 


Chart i 

A graphic representation of the percentage values of lymphoblasts and plasma cells 
in lymphoid organs of the normal and infected rats. 

Shaded columns « normal animals. Black columns - infected animals. S « small 
lymphoblasts. M == medium sized lymphoblasts. L = large lymphoblasts. P « 
plasma cells. 


negligible. In addition, microscopic examination of sections of 
thymus showed only a very slight lymphoblastic hyperplasia; prac- 
tically all the cortical cells were small cells (Fig. 37). The presence of 
a large amount of India ink demonstrated that trypanosomes had 
been actually introduced into the gland (Fig. 36). In contrast, it was 
of especial interest that in each animal the mediastinal lymph nodes 
in close pro.ximity to the thymus presented a picture of marked 
hmphoblastic or plasma cell hj^perplasia (Figs. 38 and 39). 
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Table IV 

Average Percentage Values of Differetilial Counts of the Thymus of f Normal attd 
5 Infected Rats; 500 Cells Counted in Each Preparation. 


Type of Cell 

Normal 

Infected 

Small lymphoblasts 

H 

H 

2.0 

Small immature lymphocytes 

83.92 

CM 

00 

Small degenerated cells 

9-7 

9-7 

Small lymphocytes 

+ 

0 

Medium sized lymphoblasts 

2.0 

3-0 

Medium sized immature lymphocytes, lymphocytes 
and degenerated cells ^ 

0.9 

0.6 

Large lymphoblasts 

1. 1 

1.2 

Large immature lymphocytes, l3miphocytes and de- 
generated cells ^ 

o.S 

1 

O.I 

Plasma cells 

+ 

0-3 

Monocyte-like cells 

0 

0. 1 

Clasmatocytes 

0.4 

0.4 

Neutrophilic leukocytes 

O.I 

O.I 

Eosinophilic leukocytes 

+ 

0 


1. Owing to their scarcity these cells are grouped together under their respective sizes. 

2. Includes some cells morphologically slightly different (see text). 

4* = present, but less than o.x per cent. 


Discussion 

The characteristic and striking increase of large and medium sized 
l3miphoblasts of the spleen and lymph nodes of rats infected with 
Trypanosoma brucei has again been demonstrated in this experiment. 
In previous experiments this information was obtained by means of 
tissue fixed in the usual way, but in the observations here reported 
the supravital technique was employed. 

In this study we find three criteria of considerable value in judging 
the age of these cells. They are the degree of opacity of the 03^:0- 
plasm, the number of neutral red bodies, and the number and size of 
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mitochondria.* Taking these three criteria together we have been 
able to differentiate the l)nnphoid cells into three main groups — 
lymphoblasts, immature lymphocytes and lymphocytes. The possi- 
bility of differentiating the small lymphoid cells into these three 
groups further confirms our previous assumption that failure of some 
of the small lymphoid cells to h3rpertrophy is due to the maturity 
of the cells. 

In certain instances, however, a clear-cut classification may not be 
possible, as in a small cell where scarcity of cytoplasm makes it diffi- 
cult to estimate its opacity. In such a case the character of the mito- 
chondria and the presence or absence of neutral red bodies are the 
important points that determine the degree of maturity. On the 
other hand, increased opacity of the cytoplasm alone is not always 
dependable for the identification of young cells; for plasma cells 
(Figs. i8, 25), which are end products as far as further proliferation 
is concerned, possess cytoplasm as opaque as that of the lympho- 
blasts. Nor does the presence of neutral red bodies always signify 
maturity; for lymphoblasts, while in the circulation, or in the pres- 
ence of some abnormal irritant, can exhibit conspicuous neutral red 
bodies without loss of the function of proliferation. 

Since they represent a series of transitional stages between the 
typical small lymphoblasts and the typical lymphocytes, the small 
immature lymphocytes necessarily vary in the degree of maturity. 
There is no satisfactory evidence to prove that some of the younger 
forms of this group can hypertrophy hke the typical small lympho- 
blasts, but such a possibility is suggested by the fact that the num- 
ber of the newly formed large lymphoblasts in the sections of the 
spleen and lymph nodes examined 48 hours after inoculation is larger 
than that of the small ]5mphoblasts normally existing in these 
organs, as shovTi in Table II. 

The present experiments support the foUovdng opinion on the 
origin of the plasma cells, formed on the basis of the previous histo- 
logical study in experimental tryqDanosomiasis. During the terminal 
phase of the infection, when medium sized and small lymphoblasts 
are formed in great numbers as a result of repeated and rapid mitotic 

• After the completion of the present investigation in 1931 our attention was called 
to the work of Wiseman* who used the basophilia of the c>lop!asm and the mi^- 
chondria of the cell as criteria for the determination of the age of the cells in 
peripheral blood. It is interesting to note that his and our methods of classification 
of the Ij-mphoid cells arc essentially in agreement. 
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division of larger lymphoblasts, there is also a rapid and concomitant 
appearance of the plasma cells. The presence of many transitional 
forms between typical lymphoblasts and typical plasma cells (Figs. 
14, 15, 16, 17, 23, 24, 29, 30 and 31) is very suggestive of the lympho- 
blastic origin of plasma cells.* 

With respect to the thymus, it will be remembered that the origin 
of the cortical cells is still under discussion. Some investigators be- 
lieve in their epithelial origin,®’®’^ and others derive them from lym- 
phocytes.®' ® From the morphological point of view most of the 
thymic cells in the supravitally stained films are indistinguishable 
from lymphoid cells, but some of them contain several conspicuous 
deep red bodies which are only occasionally seen in the lymphoid 
cells from other lymphoid organs. This feature, however, does not 
of itself seem sufficient evidence for the assumption that they are 
. different from lymphoid cells. The morphological differences among 
the ordinary lymphoid cells themselves may sometimes be even 
greater. On the other hand, Table II shows 9.7 per cent of degener- 
ated cells in the films from thymus and 21.2 to 29.3 per cent of simi- 
lar cells in those from other organs. This suggests that there is an 
actual physiological difference. Contributary evidence on this point 
is furnished by the failure on the part of the thymic cortical cells to 
show a hyperplastic reaction after the direct injection of trypano- 
somes into the organ. The failure to react is not due to a lack of 
young forms, as differential counts have shown. A similar condition 
is found in cases of lymphatic leukemia in which aU the lymphoid 
organs, except the th3mus, are enlarged.® ’ This difference in be- 
havior suggests that the thymic cortical cells are not of lymphoid 
origin, or, if they are, that conditions prevailing in the th3mus suc- 
cessfully prevent them from reacting in the manner of lymphoid 
cells, as in other lymphoid organs. 

* Recently Miller ^ has demonstrated the primitive connective tissue cells as the 
origin of plasma cells in rabbits following repeated injections of tuberculo-proteins. He 
did not specify the time interval between the first injection and autopsy. But if we 
assume that the injections were made once daily, the average of this interval would be 
at least 17 days. Since it has been demonstrated in our experiments that lymphoblasts 
can proliferate and transform into plasma cells in 6 or 7 days, it seems that his observa- 
tions were made too late to exclude definitely the possibility of lymphoblastic origin of 
the plasma cells. 
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Summary 

■> 

The large, medium sized and small lymphoid cells of the spleen 
and lymph nodes of normal rats can be classified by means of the 
supravital technique as lymphoblasts, immature lymphocytes and 
Ijnnphocytes. The proportions of these different types of cells are 
found to be altered in the rats infected with Trypanosoma hrucei by 
the increase in the percentage of lymphoblasts and plasma cells. The 
assumption made in the previous report ^ that the initial appearance 
of many large lymphoblasts in the lymphoid organs of the infected 
animals is due to hypertrophy of the small “primitive cells” (lym- 
phoblasts) receives confirmation from the results of the present 
study. These h)q)ertrophic lymphoblasts produce by mitosis other 
lymphoblasts, which later transform into plasma cells. The lym- 
phocytes and most of the immature lymphocytes have not been 
found capable of h)q)ertrophy or mitotic division. 

Functionally the cortical cells of thymus are different from the 
small lymphoid cells of the spleen and lymph nodes. 

The classification of the different types of lymphoid cells permits 
of both qualitative and quantitative studies of cells of lymphoid 
tissues under normal and pathological conditions. 
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DESCRIPTION OF PLATES 


Plate 39 

The cells illustrated in this plate were drawn within 10 minutes after the films 
of the organs were made according to the technique described in the text. They 
were from the spleen, lymph nodes (inguinal and mesenteric), and th3rmus of 2 
normal and 2 infected rats. Cells from infected animals have their numbers 
printed in arabic type; those of the normal animals in italics. The size of a red 
blood cell is included for comparison. 

The following types of cells are illustrated: 

Small lymphoblasts — i, 2, 13. 

Small immature l3Tnphocyte, younger form — 3. 

Small immature lymphocytes, older form — 4, 5, 6. 

A type of small immature l3Tnphocytes of thymus — 10 to 12. 

Small lymphocytes — 7 to 9. 

Transitional forms between small lymphoblasts and typical plasma cells — 
14 to 17. 

T}q3ical small plasma cell — 18. 

Small degenerated cell — 19. 

Medium sized lymphoblasts — 20, 22. 

Medium sized immature lymphocyte — 21. 

Transitional forms beUveen medium sized lymphoblasts and plasma cells 
_ 23 , 24 ; 

Medium sized plasma cell — 25, 26. 

Large Ijmphoblasts — 27, 28. 

Transitional forms between large lymphoblasts and plasma cells — 29 to 
31 - 

Cells from inguinal Ijmpb nodes of normal rat- — 4, 6, 7, 19. 

Cells from mesenteric lymph nodes of normal rat — 8, 20. 

Cells from spleen of normal rat — i, 3, 27. 

Cells from thymus of normal rat — 5, 28. 

Cells from inguinal lymph node of infected rat — 2, 14, id, 17. 18, 22 
23, 25, 26, 30, 51. 

Cell from mesenteric lymph nodes of infected rat — 21. 

Cells from spleen of infected rat — 13, 24. 

Cell from thymus of infected rat — ii. 
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Lymphoid Cells of Spleen, Ljnnph Xodes and Thymus 



Plate 40 

I'lG. 32. Low power view of the right inguinal lymph node of Rat 165, which 
was injected subcutaneously in the right inguinal region with about ro,ooo 
trj'panosomes and killed on the 7th day. x 11. 

Fig. 33. Low power view of the left inguinal h'mph node of the same rat (No. 
165). It is much smaller than the node shorni in Fig. i. x n- 

r-'iG. 34. Fligh power view of the cortical tissue of the right inguinal lymph node 
in the area marked “A” in Fig. i. Numerous large lymphoblasts are seen. 
One cell is undergoing mitosis. Hematoyxlin and eosin stain, x 800. 

Fig. 35. High power view of the cortical tissue of the same lymph node in the 
area marked “B” in Fig. i, showing Ij'mphoblasts, plasma cells and inter- 
mediate forms between the lymphoblasts and plasma cells. Hematoxylin 
and eosin stain, x 800. 
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Plate 40 








Plate 41 

Fig. 36. Low power view of thymus (T) and mediastinal lymph node (L) of 
Rat 186. This animal was injected intrathymically with about 3000 trj'- 
panosomes mixed with India ink (seen in this illustration as intensely black 
masses or particles), and was then killed on the 5th day of infection. Sec- 
tion lightly stained with hematoxylin, x 9.5 . 

• Fig. 37. High power view of an area in the thymic cortex, indicated by “A” in 
Fig. 5, but from the next serial paraffin section. Masses of ink present in the 
tissue; no increase of large lymphoblasts seen. Mallor}'’’s eosin-methjdene 
blue stain, x 800. 

Fig. 38. High power view of an area in the mediastinal lymph node indicated 
by “B ” in Fig. 5, but also from the next serial paraffin section. Many large 
lymphoblasts are present among the small lymphoid cells. Mallory’s eosin- 
methylene blue stain, x 800. 

Fig. 39. High power view of an area in the cortex of the mediastinal lymph node 
of Rat 187, which was injected intrathjTOically in the same manner as Rat 
1S6 and killed on the 7th day of infection. Numerous plasma cells, and a 
few lymphoblasts and transitional forms between the plasma cells and 
lymphoblasts are seen. Hematoxylin and eosin stain, x 800. 










STUDIES ON THE MATURE AND IMMATURE LYMPHOID CELLS 
OF THE PERIPHERAL BLOOD OF NORMAL RATS AND 
RATS INFECTED WITH TRYPANOSOMA BRUCEI* 

C. H. Hu, M.D., AND K. Y. Ch’in, M.D. 

(From the Department of Pathology, Peiping Union Medical College, Peiping, China) 


It has been shown in previous experiments that lymphoblasts of 
all sizes are present in the diffuse lymphoid tissue of the spleen and 
lymph nodes of normal white rats, and that in animals infected "Rath 
Trypanosoma hrucei the small lymphoblasts in these organs hyper- 
trophy to form large lymphoblasts, which in turn produce other 
l3miphoblasts by mitosis. It has also been shown that in the latter 
part of the infection many plasma cells appear in the lymphoid 
organs as a result of direct transformation of the lymphoblasts. 

In view of the remarkable l5miphatic hyperplasia taking place in 
the spleen and lymph nodes of the infected rats, and because of 
the intimate relation between the lymphoid cells of the blood and 
those of the l3miphoid organs, studies using the supravital technique 
were made on the blood cells of these normal and infected animals. 

Material and Methods 

Healthy male rats from 4 to 6 months of age, fed on a uniform diet, were 
used. The infected material consisted of citrated blood of an infected rat, 
diluted 10 to 20 times with normal saline. After a careful study of the blood of 
these they were each injected intraperitoneally with an amount of the 

material containing approximately 10,000 parasites. 

Since it was necessary to secure perfectly fresh and clean drops of blood for 
supravital study and for cell counts, the usual methods of bleeding were found to 
be unsatisfactory. The cutting off the tip of the tail with scissors, or the sever- 
ing of the tail veins with a razor, involves too much tissue injury and danger of 
secondary infection, especially when the animal is to be bled repeatedly in the 
course of the experiment; furthermore, the blood so obtained coagulates quickly 
and therefore is unsuitable for the purpose of counting. The puncturing of a 
deeply seated tail vein with a needle is not always successful. The veins of the 
feet, though easily accessible, are too small. The best are the saphenous veins, 
which are superficial and large. The skin on the inner surface of the thigh was 
shaved and thoroughly cleansed with alcohol and ether. The skin over the vein 
was drawn taut and held immobile so as to reduce the chance of hematoma for- 
mation. After the vein was punctured a drop of blood appeared on the skin 

* Received for publication May 12, 1933. 
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surface. The size of the drop could be regulated, to a considerable extent, by the 
depth of the puncture and by the pressure applied on the vein proximal to the 
wound. When the desired amount of blood was obtained gentle pressure applied 
to the wound prevented further loss of blood or the development of a subcutane- 
ous hematoma. By using the left and right veins alternately it was possible to 
bleed the animals for many days vdth very little loss of blood and a minimal 
amount of tissue injury. To prevent struggling, light ether anesthesia was used, 
which was found to produce no objectionable effect on the animals. 

The trypanosomes, which may become very numerous in the blood, take up 
both Janus green and neutral red stains. Care must be exercised to use the cor- 
rect quantity of stain so as to avoid overstaining and yet to ensure satisfactory 
demonstration of the structures of the cells. 


Observations on the Blood of Normal Rats 

The non-granular white blood cells of rats show, in supravitally 
stained films, great difiference in size and opacity of their cytoplasm 
and in the number, size and arrangement of their mitochondria and 
neutral red bodies. 

i. In order to evaluate the significance of these differences, a detailed 
classification such as that shown below is necessary. Code names are 
used for the sake of convenience. 


SAo 

MAo 

LAo 

Deg. 

SAi 

MAi 

LAi 

Mono. 

SA2 

MA2 

LA2 

Plasma cell 

sas 

MA3 

LA3 

Clasraatocyte 

SA 4 

MA4 

LA4 

Myelocyte 

SA 5 

MA 5 

LAs 


SBo 

MBo 

LBo 


SBi 

MEr 

LBi 


SB2 

MB 2 

LB 2 


SB 3 

MB3 

LB3 


SB4 

MB4 

LB4 


SBs 

IVIBs 

LBs 


SCi 

MCi 

LCi 


SC2 

MC2 

LC2 


SC3 

I^IC3 

LC3 


SC4 

MC4 

LC4 


SCs 

MCs 

LCs 



Explakation 

S « small (Figs. 1-37). 

M « medium sized (Figs. 38-^56). 

L ^ large (Figs. S7~86). 

A l^miphoblasts, characterized by opaque c>"toplasm and coarse, abundanr 
mitochondria (Figs. 2-^, 38-'4ir S7^S)* 

B « immature I>Tnphoc>'tes, representing the intermediate forms l>ctwccn lym- 
phoblasts and l>7nphoc>acs, having less opaque c>'top!asm; neutral red 
bodies generally present; mitochondria less coarse and less abundant than 
in the lymphoblasts (Figs. 20-20, 42-48, 67-75)* 
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C «= lymphocytes, characterized by clear cytoplasm and fine scanty mitochon- 
dria; neutral red bodies practically always present (Figs. 21-37, 49-56, 
76-86). 

0 = neutral red bodies absent (Figs, i, 2, 38, 57, 58). 

1 = few or numerous neutral red bodies diffusely arranged without any definite 

pattern; nucleus rounded or slightly irregular (Figs. 3-14, 19, 21-24, 29, 
39, 42, 43, 49, SO, 59-62, 67-70, 76). 

2 = neutral red bodies tend to concentrate in one part of the cell, usually in the 

slight concavity of the nucleus (Figs. 15-18, 26-28, 30, 40, 41, 44, 51-54, 
63, 64, 77, 79)- 

3 = neutral red bodies concentrated in the indentation of the nucleus; nuclear 

indentation deeper (Figs. 31, 45). 

4 = nucleus shows exaggerated indentation, so that it becomes V- or U-shaped, 

with the deep concavity filled by neutral red bodies (Figs. 32-35, 46, 47, 
55, 56, 71-73)- 

5 = nucleus shows multiple indentations or folds, so that it may become actually 

lobulated. Neutral red bodies are distributed especially in the indenta- 
tions or in the folds (Figs. 36, 37, 48, 74, 75, 78, 80-85). 

Deg. = degenerated cells, each having a round, homogeneous, usually small nucleus, 
with unstained small vacuoles or granules usually situated on one side of 
it. Cytoplasm edematous or so swollen as to become invisible (Fig. 25). 
Mono. = monocyte-like cells with kidney-shaped nuclei and rosettes of neutral red 
bodies. The term “monocyte-like” is used here to indicate cells having 
the above-mentioned characteristics, without implying that they belong 
to a cell strain different from that of the lymphoid cells (Figs. 87-90). 
PMN = polymorphonuclear neutrophilic leukocytes. 

PME = polymorphonuclear eosinophilic leukocjrtes. 


In accordance with the above classification a total of 1000 white 
blood cells from twenty normal rats was counted each day on 6 dif- 
ferent days. As the counts are fairly constant from day to day only 
the averages are shown in Table I. 

The important points shown in this table are as follows. (1) In the 
peripheral blood of normal rats there are not only large l3miphoblasts 
(total LA, 1.33 per cent) and medium sized lymphoblasts (total 
MA, 0.9 per cent), but also small lymphoblasts (total SA, 0.85 per 
cent). (2) Most of the blood lymphoblasts, in contrast to the 13m- 
phoblasts of the spleen and the lymph nodes, contain neutral red 
bodies. (3) There is a higher percentage of small lymphocytes in the 
peripheral blood (total SC, 23.11 per cent) than in the lymphoid 
organs (0.9 to 1.9 per cent), as shown in Table II of the preceding 
report.^ 


Observations on the Blood of Infected Rats 

jRed Blood Cells and Ee 7 noglohin: In another set of 10 rats the 
number of erythrocytes and the percentage of hemoglobin were 
determined the day before, and then 7 days after they became 
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infected, A moderate anemia was found as a result of the infection 
(Table II). 

Parasites and White Blood Cells: For the study of parasites and the 
white blood cells during infection we used the same group of 20 rats, 
whose normal white coimts are shown in Table I. Two days after the 
last normal count was made each of these rats was inoculated intra- 

Table I 


Average Pcrceniage Values of 6 Differential Counts {Done on April 2, 3, 4, 6, 7 and g, 
ig^i Respectively) of the White Blood Cells of 20 Normal White Rats {Nos. 131 

to 150) 


SAo 

0.03 

MAo 

O.IO 

LAo 

0.17 

Leg 

0.15 

SAi 

0.82 

MAi 

0.73 

.LAi 

1.08 

Mono. . . . 

2.33 

SAz 

0.00 

MAz 

0.02 

LAz 

0.03 

Plasma cell 

0.02 

SA3 

0.00 

MA3 

0.03 

LA3 

0.0s 

Clasmatocyte 0.02 

SA4 

0.00 

MA4 

0.00 

LA4 

0.00 

Myelocyte 

0.07 

SA5 

0.00 

MAS 

0.02 

LAs 

0.00 

PMN 

26. s8 







PME 

1.70 

Total SA 

10 

00 

d 

Total MA 

0.90 

Total LA 

1-33 



SBo 

0.83 

MBo 

0.00 

LBo 

0.00 



SBi 

32.42 

MBi 

o.so 

LBi 

0.22 



SBz 

0.20 

MBz 

0.07 

LBz 

O.IO 



SB3 

0.97 

MB3 

0.63 

LB3 

0.80 



SB4 

0.23 

MB4 

0.62 

LB4 

0.6s 



SBs 

0.23 

MBs 

0.52 

LBs 

0.88 



Total SB 34 . 88 

Total MB 

2.34 

Total LB 

2.6s 



SCi 

17-35 

MCi 

0.87 

LCi 

0-43 



SCz 

1.62 

MCz 

0.27 

LCz 

0,10 



SC3 

3 40 

MC3 

0.30 

LC3 

0.12 



SC4 

0.16 

MC4 

0.13 

LC4 

0.17 



SCs 

0.58 

MCs 

0.33 

LCs 

0.35 



Total SC 

23-11 

Total MC 

I .90 

Total LC 1 . 17 




peritoneally with approximately 10,000 parasites. Daily counts were 
made of parasites beginning the ist day, and of white blood cells be- 
ginning the 2nd day, after inoculation. Table m show’s the number 
of parasites in the blood of these animals from the time of injection 
to the time of death. 

From this table it wall be seen that the animals dying early happen 
to be smaller and the number of parasites in their blood shov .'5 a 
rapid rise reaching its peak with the death of the animal; the animals 
that survived longer, on the other hand, happen to be larger and tlic 
number of parasites shows a gradual rise, then a rapid fall, and finally 
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Table II 

The Red Blood Cell Counts and Hemoglobin Values of lo Rats Before, and 7 Days After, 
Intraperitoneal Injection of Approximately 10,000 Parasites 



Before infection 

On tlic 7th day of infection 

Hat No. 

Red blood cells 
per cmm. 

Hemoglobin 

Red blood cells 
per cmm. 

Hemoglobin 

102 j 

10,790,000 j 

per cent i 

100 j 

5,730,000 

per cent 

6s 

103 

9,770,000 1 

88 j 

7,010,000 

73 

104 

9,410,000 

92 

6,430,000 

64 

loS 

11,110,000 

100 

7,770,000 

78 

106 

9,790,000 

89 

7,360,000 

63 

107 

10,620,000 

100 

7,360,000 

1 6s 

108 

10,030,000 

94 

6,870,000 

70 

109 

9,730,000 

88 

7,170,000 

70 

no 

10,140,000 

91 

7,140,000 

73 

Ill 

9,300,000 

92 

7,940,000 

78 

Average 

10,069,000 

93-4 

7,078,000 

69.9 


I. 100 per cent *=17 gm. of hemoglobin. 


Table III 


Daily Counts of Parasites in the Blood of 20 Infected While Rats 


Group • 

Rat No. 

% 

>» 

ns 

0 

PQ 

Survival 

period 




Day after inoculation 




1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

gth 

Number of parasites in thousands per cmm. 



gw- 

days 










A 

14s 

234 

s 

0 

+ 

6 

154 

500 





A 

140 

251 

5 

0 

0 

5 

97 

475 





A 

143 

342 

s 

0 

+ 

5 

15s 

467 





A 

142 

2 II 

6 

0 

+ 

7 

231 

443 

430 




A 

144 

304 

6 

0 

0 

3 

S6 

385 





A 

X41 


6 

0 

0 

2 

ror 

316 

348 




A 

13s 

350 

6 

0 

+ 

3 

47 

205 

526 

’ 



A 

139 

307 

6 

0 

0 

6 

106 

290 

319 




** 

136 

360 

7 

0 

0 

2 

62 

262 

364 

392 


• • 


ISO 


7 

0 

+ 

4 

125 

267 

352 

338 

. . 

• • 

B 

131 

440 

9 

0 

+ 

2 

46 

II6 

3 

10 

19s 


B 

147 


9 

0 

0 

s 

91 

79 

2 

20 

252 

+ 

B 

146 


9 

0 

+ 

5 

55 

56 

I 

6 

213 

587 

B 

149 


9 

0 

+ 

+ 

39 

99 

I 

7 

194 

556 

B 



9 

0 

1 + 


1 S6 

1 + 

1 2 

6 

136 

410 

B 

148 


9 

0 

+ 


52 

1 + 

I 

17 

192 

560 

B 


320 

9 

0 

+ 


13 

! 0 

' 3 

12 

164 

513 

B 

134 

392 

9 

0 

I + 


60 

' 4 

+ 

14 

96 

ago 

B 


31S 

9 

0 

0 


2 t 

0 

I 

9 

97 

327 

B 

132 

430 

9 

0 

+ 

■ 

34 

1 155 

4 

8 

300 

524 


♦ 3 ee text. 

♦* Not included in either Group A or Group B. 

Animal died before counts could be made. 

-I- = less than looo per cnim. 
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Table IV 

Average Percentage Valties of the White Blood Cells Obtained from the Counts Made 
on S Rats {Group A) During Infection^ with their Normal Counts as Control 





Day after inoculation 


Code name 

Normal * 

2nd 

3rd 

4th 

Sth 

5th 

SAo 

0.08 

0 

0 

0.25 

2-5 

0 

SAi 

I-2S 

1-5 

2.0 

I.O 

s-s 

3-5 

SAs 

0 

0 

0 

0 

0.25 

0 

Total SA 


I-S 

2.0 

1-25 

8.25 

3-5 

SBo 

0.79 

1.25 

2.0 

0.25 

1.25 

0-5 

SBi 

33-33 

25-5 

19-S 

24-s 

21-0 

27.0 

SB2 

0.13 

0-5 

0 

0 

0.25 

0 

SB3 

0.79 

0 

0.7s 

0.25 

0 

0 

SB4 

0.17 

0 

0 

0 

0 

0 

SBs 

0.29 

0.25 

0.25 

0 

0 

0 

Total SB 

3 S -5 

27.5 

22.5 

25.0 

22.5 

27-5 

SCi 

15-49 

18.5 

12,0 

6.75 

7-25 

II. 0 

SC2 

2,04 

I- 7 S 

0-75 

0.25 

I.O 

2.0 

SC3 

3-71 

2.0 

i-S 

0.25 

I.O 

1-5 

SC4 

0,21 

0.25 

0 

0 

0 

0 

SCs 

0.54 

0.2s 

0.5 

0-5 

0 

0 

Total sc 

21.99 

22.75 

14-75 

7-75 

9-25 

14-5 

MAo 

0.12 

0.25 

0 

0-75 

2.5 

0 

MAi 

0.46 

0.25 

2.0 

0-5 

3-75 

2.0 

MA2 

0.04 

0 

0 

0 

! 0 

0.5 

MA3 

0,04 

0 

0 

0 

0 

0-5 

MAS 

0.04 

0 

0 

0 

0 

0.5 

Total MA 

0.7 

0.5 

1 

2.0 j 

1 

1.25 

6.25 

3-5 

MBt 

0.58 

0.75 

0.25 


1-5 

2-0 

MB2 

0,04 

0 

0 


0 

0.5 

MB3 

0.50 

0.25 

I.O 


I.O 

0-5 

MB4 

0.62 

i 0 

0.25 


0 

0 

MBs 

0.38 

0.25 

I-S 


I.O 

1 .0 

Total MB 

2,12 

1.25 

a 

^5 

3-5 

4.0 

MCi 

1 .08 

3-0 

I- 7 S 

1.25 

0 

0.5 

MCa 

0.25 

0.25 

0.25 

0 

0.5 

0 

MC3 

0.33 

0.5 

0 

0 

0 

0 

MC4 

0.21 

0 

0.25 

0.25 

0 

0 

MCs 

0*5 

I.O 

0-5 

0 

r .0 

0 

Total MC 

2-37 

i 

4-75 j 

2.7s 

1*5 

1-5 1 



0.5 
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Table IV {Conihiued) 


Code name 

Normal * 

Day after inoculation 

2nd 

3rd 

4th 

5tli 

6th*. 

LAo 

0.08 

0.25 

0-25 

I.O 

2,0 

mm 

LAr 

0.58 

0.2s 

I.O 

1-75 

2.7s 


LA2 

0.04 

0.2s 

0 

0 

0 

ol 

LA3 

0.04 

0 

0.25 

0 

0.2s 


LAs 

0 

0 

0.25 

0 

0 


Total LA 

0.74 

0-75 

I- 7 S 

2-75 

S.o 

2-5 

LBi 

0.21 

0.25 

0 

1.25 

2.0 

0 

LB2 

0.08 

0 

0 

0-75 

0-75 

0 

LB3 

0.79 

0.25 

1-5 

0.25 

1-75 

0 

LB4 

0.58 

0-5 

0 - 7 S 

0 

1.25 

2.0 

LBs 

0.75 

I.O 

1-5 

0-75 

5-75 

3-0 

Total LB 

2.41 

2.0 

3-75 

30 

ii-S 

50 

LCi 

1 

! 0.54 

I -75 

1-5 

I.O 

0.75 

1*5 

LC2 

0.08 

0.25 

0.25 

0.25 

0 

0 

LC3 

0.13 

0.25 

0.25 

0 

0.25 

0.5 

LC4 

0.17 

0.5 

0 

0 

0 

0 

LCs 

0,41 

1.25 

I.O 

I.O . 

I.O 

1.5 

Total LC 

1.33 

iQmiii 

3-0 

2.25 

2.0 

3-5 

Deg 

0.04 

0-5 

0 

2.25 

0.5 

1-5 

Mono 

1.87 

2.75 

3-5 

1.25 

3.25 

6.0 

Plasma 

0 

0 

0 

0 

0 

0 

Clas 

0.04 

0 

0 

0 

0.5 

I.O 

Myelo 

0.04 

0 

0.25 

0 

0 

0 

PMN 

27.83 

30-5 

37.25 

47.5 

24.0 

25.0 

PME 

1.63 

1.25 

3.5 

2.7s 

2.0 

2.0 

Average total WBC per 







cmm 

8110 

8150 

7790 

482s 

6710 

8970 


* These values arc incorporated in Table I. 
Counts from only 4 animals. 


a sharp rise shortly before death. The survival period of the animals 
and the rate of increase of parasites vary, therefore, according to 
the intensity of infection, influenced by the size of the animals used. 
But as this finding has no direct bearing on the problem on hand 
no further discussion will be made. 

In view of the wide variation in the survival period of these ani- 
mals it is apparent that an average of the white counts of all of them 






































50 


HU A2U) CH’IN 


will be of very little value. These counts are therefore divided into 
two groups. In Group A are placed the counts of 8 rats d3dng on the 
5th or 6th day of infection, and in Group B those of 10 rats dying on 
the 8th or 9th day. The counts of 2 animals (Nos, 136 and 150) 
which died on the 7th day cannot be conveniently placed in either 
group and are therefore discarded. 


Ho, of para. 



Chart i 

A graphic representation of the important data in Table IV. The differential counts are 
recorded in percentages; the white blood cell counts in total numbers per cmm. 

The average values of the counts in Group A are shown in Table 
W and Chart i ; those in Group B in Table V and Chart 2. 

The imix)rtant points revealed by Table IV are as follows, (i) 
A transient leukopenia, most pronounced on the 4th day of infec- 
tion, due largely to the reduction in number of small lymphocryTes. 
(2) A marked increase in number of lymphoblasts of all sizes and a 
similar increase of the medium sized and large immature l>7npho- 
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Table V 

Average Percentage Values of the White Blood Cells Obtained from the Cou7its of 10 
Rats {Group B) during Infection, uhth their Normal Counts as Control 


Code name 

Nor. 

mal* 

Day after inoculation 

2nd 

3rd 

4 tll 

5th 

6th 

7th 

8th 

9 th** 



0 

0 

0 

1-4 

0.4 

0.2 

m 

0.25 



1.8 

I.O 

2.6 

6.0 

1.8 

3.2 

m 

2.0 



0 

0 

0 

0.6 

0 

0.2 


0 

Total SA 

0.66 

1.8 

BBI 

2.6 

8.0 

2.2 

3-6 

0.8 

2.2s 

SBo 

0.83 

3*2 

1.2 

0.4 

1.8 

0.8 

1.4 

0.8 

0-5 

SBi 

33-13 

31.6 

25-8 

21.6 

28.4 

29.4 

31-0 

26.6 

22.5 

SB2 

0.27 

0 

0 

0.2 

0.4 

0 

0.2 

0.4 

0 

SBs 

1.2 

I.O 

1.8 

0 

0.2 

0.2 

1.6 

0.6 

0.25 

SB4 

0.17 

0.2 

0.4 

0 

0 

0 

0.2 

0 

0.25 

SBs 

0.2 

0.2 

t .0 

0,2 

0 

0.2 

0.6 

0.6 

0 

Total SB 

35-8 

36.2 

30*2 

22.4 

30.8 

30.6 

35.0 

29.0 

23*5 

SCi 

19-03 

16.2 

II. 6 

9.6 

II. 8 

21.2 

17.8 

13-2 

8.0 

SC2 

x -5 

2.0 

0 

I.O 

0.6 

1.2 

2.0 

I.O 

0-75 

SC3 

3-23 

2.0 

2.4 

0.2 

0.2 

1.4 

3.2 

3-0 

4.5 

SC4 

0.17 

0 

0.2 

0 

0 

0.2 

0 

0 

0.25 

SCs 

0.47 

0.4 

0.6 

0.2 

0 

0 

0.6 

0.6 

0 

Total SC 

24.2 

20.6 

14.8 

II. 0 

12.6 

24.0 

23-6 

17.8 

13-S 

MAo 

O.I 

0 


! 0 

1.8 


0 

mm 

I.O 

MAi 

0.77 

0 

ig 

0.8 

4.6 


1.4 

mm 

1.25 

MA2 

0 

0 

Bm 

0 

0.2 


0.2 

Bi 

0 

MA3 

0 

0 

0 

wm 

0 


0 


0 

MAs 

0 

m 

0.2 

am 

0 


0.6 

am 

0.25 

Total MA 

00 

d 

m 

0.8 

I.O 

6.6 

2.2 

2.2 

1.8 

2.5 

MBi 

0.33 

0.6 

0.6 

0.8 

0.8 

2.0 

0.6 

1.6 

0.2s 

MB 2 

0.07 

0.2 

0 

0 

0.2 

0.2 

0.2 

0 

0.25 

MB3 

0.8 

1 . 2 

0.8 

0.6 

0.2 

0.6 

I.O 

1.6 

0.25 

MB4 

0.53 

1.4 

0.2 

0 

0.4 

0.2 

0.6 

I.O 

0.25 

MBs 

0.67 

1 .0 

I.O 

0.4 

0.6 

0.6 

1.6 

1.2 

1-75 

Total MB 

m 

BSI 

2.6 

1.8 

2.2 

3-6 

QB 

Bi 

2.7s 

MCi 

0.77 

2.2 

0. 2 

0.2 

0.2 

1.6 

2.6 

2,0 


MC2 

0.2 

0.4 

0 

0 

0 

0.6 

0.6 

0 

0.2s 

MC3 

0.2 

0.6 

0.6 

0.2 

0 

0 

0.4 

0.6 

0.25 

MC4 

0. 1 

0.2 

0 

0 

0 

0 

0.4 

0.4 

0.2s 

MCs 

0.23 

0.2 

0.6 

0 

0 

0.2 

0.2 



Total MC 

1.5 

3*6 

1.4 

0.4 

0.2 

2.4 

4.2 

BI 

2.0 
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Table V {Conlimcci) 


Code name 

Nor- 

mal^ 

Day after inoculation 

2nd 

3rd 

4 th 

Sth 

6th 

7th 

8th 

Oth” 

LAo 

0.2 

0.2 

0 

1.2 

2.4 

0.8 

0.4 

Bl 

0.75 

LAi 

I -23 

0.8 

1.4 

1.4 

2.8 

1.4 

I.O 


I.O 

LA2 

0.03 

0 

0 

0.2 

0 

0 

0 

M| 

0 

LA3 

0 


0.4 

0.2 

0.4 

0.4 

msotm 


0 


0 

Di 

0.2 

0 

0.4 

c 

m 

Bl 

0.25 

Total LA .• 

1.46 

1.2 

2.0 

3-0 

6.0 

2.6 

1.8 

1.8 

2.0 


0.2 

0.2 

0.2 

0.8 

1,0 

0.8 

0.2 

0.6 

0-5 


0.13 

0 

0.2 

0.2 

0.2 

0 

0.4 

0.2 

0.25 

LB3 

0.83 

0.2 

1.4 

1.4 

2.4 

0.6 

0 

I.O 

0-75 

LB4 

0 -S 3 

0 

1.2 

0.2 

0 

1.4 

0.4 

0.2 

1-25 

LBs 

0.83 

0.4 

1.6 

1-2 

3-0 

I.O 

1-4 

2.4 

3-5 

Total LB 

2.52 

0.8 

ig 

3-8 

6.6 

3-8 

2.4 

4-4 

6.25 

LCi 

0 43 

0.6 

0.2 

0 

mm 

I.O 

0.4 

1.2 

1-75 

LC2 

0.07 

0 

0 

0. 2 


0.2 

0.4 

0 

0.25 

LC3 

0.07 

0.2 

0 

0 

wm 

0 

0.2 

0.2 

0.25 

LC4 

0.17 

0 

0 

0 

HI 

0 

0 

0.2 

0 

LC5 

0.2 

0.2 

0.8 

0.4 

BH 

1.6 

0.8 

0.4 

I.O 

Total LC 

0.94 

m 

H|9 

0.6 

1.2 

2.8 

1.8 

2.0 

3-25 


0.02 

3-0 

1.2 

5-0 

7-2 

7.6 

2.4 

2.0 

I.2S 


2.30 

1.6 

1.8 

2.4 

3-2 

5-8 

3.6 

4.4 

5-5 


0 

0 

0 

0 

0 

0 

0 

0 

0.2S 

Clas 

0 

0 

0 

0 

0.2 

0 

0.2 

0 

0 

Myelo 

0.47 

0 

0 

0 

0 

0 

0 

0 

0 

pm* 

25-33 

23.8 

35-8 

44-0 

14.2 

II .0 

12.4 

24.2 

29-5 

PME 

r -3 

2,0 

2.8 

2.0 

1 .0 

r .4 

2.8 

3-4 

5-5 

Average total 










WBC per cmm. 

8610 

8140 

6950 

5730 

8100 

8450 

9170 

7180 

6680 


• These values arc incorjporatcd in Table J. 
•• Counts from only B animals. 


number and to show increased ph^’^sical activity. It seems desirable, 
therefore, to classify these subvarieties simply into two main groups, 
the t}T>ical and the al>-pical. To the former belong cell T>'pcs o, i 
and 2 and to the latter 3, 4 and 5. 

In regard to the cells ha\ing the appearance of monocytes we are 
unable to say whetlier they are true monoc>'tes or if they merely 
represent another variation of the atj^jical lymphoid cells. It is 
quite definite, however, that they can be traced easily to the atypical 
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cytes (especially LB 5) on the 5th day. (3) An increase in number 
of monocyte-like cells at the end of infection. These points are 
graphically shown in Chart i. 

Table V and Chart 2 show the following additional features, (i) 
The number of small lymphocytes, which shows a sha]:p fall on the 
4th day of infection, as in Table IV, rises to its normal level on the 
6th day, but again falls to a lower level at the time of death. (2) The 
number of lymphoblasts, after a rise on the 5th day, later also falls, 
but not below the normal level. (3) A few plasma cells appear in the 
blood at the end of infection. 

It was noted that in the different types of lymphoid cells and in 
the monocyte-like cells the neutral red bodies tend to increase both 
in number and in size in the latter part of infection. These cells (Figs. 
29, 32, 33, 79-86), which are usually large, are often very active. 
The shape of these cells and their nuclei changes rapidly and the en- 
larged neutral red bodies are constantly in motion, so that the same 
cell may appear quite differently at different times (Figs. 79, 80), 

It may also be mentioned that the lymphoblasts, usually the large 
variety, are occasionally seen undergoing mitosis (Fig. 65). 

Discussion 

In connection with the results obtained in this and the previous 
studies,^' 2 three problems are to be considered: the classification of 
the non-granular white blood cells of the rat, the relation between 
the tissue lymphoid cells and the blood lymphoid cells, and the pro- 
liferative power of what are generally known as the small lympho- 
cytes of the blood. 

At the beginning of this report an elaborate classification of the 
non-granular white blood cells of the rat was given. Examination of 
the data in this experiment indicates, however, that although it is 
necessary to separate the lymphoid cells according to their age and 
size, the classification of each t5q)e into six subvarieties (Types o, i, 

2, 3, 4 and 5) is not essential. Attention is called to the fact that 
these subvarieties actually form a continuous series of cells and 
that the morphology of some of them is by no means constant, but 
is apt to change from one type to another (Figs. 79, 80). On the 
other hand, during infection some of these subvarieties, especially 
Type 5 of the medium sized and the large cells, tend to increase in 
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lymphoid cells and, like the latter, are also increased in number in 
this infection. 

We may now present our classification of the non-granular white 
blood cells of the rat as follows: 

1. L)rmphoblasts 

2. Atypical lymphoblasts 

3. Immatirre lymphocytes 

4. Atypical immature Ijunphocytes 

5. L)Tnphocytes 

6. Atypical l)Tnphocytes 

7. Degenerated lymphoid cells 

8. Monocyte-like cells 

9. Plasma cells 

10. Clasmatocytes 

In regard to the relation between the lymphoid cells of the tissue 
and the blood it is first of all important to know whether the in- 
creased number of lymphoblasts in the blood during infection is due 
to an increased emigration from the spleen and lymph nodes, or 
whether it is due to direct proliferation of the circulating lympho- 
blasts. It is probable that lymphoblasts without neutral red bodies 
are emigrated cells, since most of the lymphoblasts in the spleen and 
lymph nodes are of this type. But emigration of lymphoblasts does 
not seem to take place readily for, although many large lymphoblasts 
appear in the spleen as early as 48 hours after the animals become 
infected,^ the blood does not show any increase of such cells until 2 
or 3 days later, when many parasites appear in the circulation. Fur- 
thermore, when the medium sized lymphoblasts are formed in great 
numbers in the lymphoid organs in the latter part of infection there 
is no corresponding increase of such cells in the blood. On the other 
hand, the repeated finding of mitoses among the circulating lympho- 
blasts is a further evidence of the local origin of some of these cells. 

In view of the great severity of the infection and the presence in 
the blood stream of tremendous numbers of parasites toward the end 
of the disease the reduction in number of blood lymphoblasts at 
this time, as shown in Table V, needs to be explained. It will be re- 
called in this connection that at this stage of the disease sections of 
these organs, especially the spleen, also showed a definite reduction 
in number of lymphoblasts. We arc inclined to think that it is due 
either to excessive cell destruction, or to e.xhaustion of the prolifera- 


small, medium sized, large. 

u u a 

a a a 

K u a 

(( a a 

a a e 
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tive power of the lymphoblasts in the presence of an overwhelming 
infection. 

The presence of a higher percentage of small lymphocytes in the 
blood than in the lymphoid organs suggests either one or both of the 
following two possibilities: that the small lymphocytes of the organs 

Ko.of pan. 



A graphic representation of the important data in Table V. The dijQFerential counts 
are recorded in percentages; the white blood cells in total numbers per cmm. 


emigrate more readily than the immature lymphocytes, or that the 
latter cells maturate more quickly in circulation than in the tissue. 
The marked reduction in small l5mphocytes, which is largely respon- 
sible for the initial leukopenia in the infected animals, is interesting 
and can probably be explained by the fact that since they are older 
they are more susceptible to injury than the others. 
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Although many plasma cells are produced in the tissues by the 
transformation of the lymphoblasts, very few such cells are seen in 
the circulation. Like the lymphoblasts they do not readily pass into 
the blood stream. On the other hand, it is still possible that some of 
the circulating lymphoblasts may be transformed into plasma cells, 
since they are morphologically identical with the tissue lymphoblasts, 
whose ability for such a transformation seems to be quite definite. 

Text-figure i represents the relation between the different types 
of tissue and blood lymphoid cells. 

Although what is generally called the small Ijmiphocyte of the 
blood has been studied by many investigators, its potentialities for 
h3q)ertrophy, proliferation and transformation are still a subject of 
dispute. Representing probably the more general view is Naegeli,® 
who considers that all the small lymphoid cells of the blood are true 
mature l3miphocytes, incapable of further growth or transformation. 
He believes, however, that the small l)miphoid cells of the lymphoid 
organs are young cells, capable of forming large lymphoblasts by 
hypertrophy. The blood lymphocytes, according to him, are derived 
from these lymphoblasts. 

Cunningham, Sabin, and Doan ^ also believe that the so-called 
small lymphocytes of the blood are more mature than the other cells 
of the lymphoid series. But as mitoses have been observed in these 
cells, they placed them in their schema on the same level with mye- 
locytes, and not with polymorphonuclear leukocytes of the granular 
series. They differ from Naegeli, who holds that the size of the cell 
has nothing to do with its maturity, and look upon the large lympho- 
cytes as being younger than the small lymphocytes. They derive 
lymphocytes from l 3 mphoblasts and the latter from primitive cells 
normally present in lymphoid organs. 

An entirely different view is expressed by the representatives of 
the Unitarian theory championed especially by Maximow.® ® He 
believes that there is no difference between the lymphocytes of the 
blood and those of the tissue, and that the small lymphocytes of the 
blood are, like the larger lymphocytes, potentially capable of unre- 
stricted development, even into cells other than those of the lym- 
phoid series. In culture and in ligated blood vessels he has observ’cd 
h3q)ertrophy of the small lymphocytes of the blood and their even- 
tual transformation into many other types of cells — monocytes, 
epithelioid cells, fibroblasts. 




•-►>=*cell division —►= hypertrophy transformation or 
emigration L = large M = medium sized 

S *= small Lb = lymphoblast !m = Immature lymphocyte 

Lc = lymphocyte PI ” plasma cell Mitochondria represented 

by black dots. Neutral red bodies represented fay circles. 

Text-Fig. i 

A representation of the relation between the different types of tissue and blood 

lymphoid cells 
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We are inclined to think that the conflicting views of Naegeli and 
Maximow are based upon observations made under imperfect ex- 
perimental conditions. For a satisfactory study of the development 
of lymphoid cells it is necessary to have not only a state of marked 
lymphoblastic h3Tperplasia, which enables the observer to follow 
closely the rapid changes in the l3miphoid cells, but also a technique 
that makes possible the differentiation of cells which, in fixed smears 
or tissues, have an identical appearance. Separation of the blood 
lymphoid cells into lymphoblasts, immature lymphocytes and lym- 
phocytes * offers an easy explanation to the above-mentioned con- 
flicting views. It is apparently the presence of l3Tnphoblasts that has 
led some to the conclusion that all lymphoid cells are primitive cells; 
while the presence of mature lymphocytes led others to beh'eve all 
blood lymphoid cells to be true lymphocytes, that is, the end cells of 
the lymphoid series. 


Summary 

In contrast to the general belief that the lymphoid cells of the 
peripheral blood of normal animals are end cells, the present study 
shows that irrespective of their size they are actually composed of 
lymphoblasts, immature lymphocytes and lymphocytes. In the 
blood of rats infected with Trypanosoma hrucei the niunber of lym- 
phoblasts shows a marked increase on the fifth day of infection, as a 
result of proliferation of the normally existing, circulating lympho- 
blasts, and emigration of tissue lymphoblasts from the spleen and 
lymph nodes. After the 6 th day this number decreases, in spite of the 
increased severity of the disease, probably as a result of increased 
cell destruction or exhaustion of their proliferative power. 

A new classification of the non-gramflar white blood cells of the 
rat and a text-figure illustrating the relation between the tissue 
and blood lymphoid cells are presented in the text. 

* Such a separation of the blood lymphoid cells is also possible in normal rabbits 
and human beings. 
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DESCRIPTION OF PLATE 


Plate 42 

All the cells illustrated in the colored plate were drawn within 10 minutes 
after the films were made. They were from the blood obtained by puncturing 
the saphenous veins of 6 normal and 8 infected rats. Cells from infected animals 
have their numbers printed in arabic type, those of the normal animals in 
italics. The size of a red blood cell of the rat is given for comparison. 

The following types of cells are illustrated: 

Small lymphoblasts — 1-9. 

Small immature lymphocytes — 10-19. 

Atypical small immature lymphocyte — 20. 

Small lymphocytes — 21-30. 

(Cell No. 24 underwent degeneration and later appeared as cell No. 
25-) 

Atypical small lymphocytes — 31-37- 
Medium sized lymphoblasts — 38-41. 

Medium sized immature lymphocytes — 42-44. 

Atypical medium sized immature lymphocytes — 4S"48- 
Medium sized l3Tnphocytes — 49-54- 
Atypical medium sized lymphocytes — 55, 56. 

Large lymphoblasts — 57-64- 
Large l}miphoblast in mitosis — 65. 

Large plasma cell — 66. 

Large immature l3Tnphocytes — 67-70. 

Atj'pical large immature lymphocytes — 7i“75' 

Large lymphocytes — 76, 77. 

Atypical large l}anphocytes — 78-86. 

(CeU No. 79 was in active motion; in a few minutes it appeared as 

cell No. 80.) 

Monocyte-like cells — 87-90. 





THE HEART VALVES AND MUSCLE IN EXPERIMENTAL 
SCURVY WITH SUPERIMPOSED INFECTION * 

WITH NOTES ON THE SIMILARITY OF THE LESIONS TO THOSE OF 

RHEUMATIC FEVER 

James F. Rinehart, M.D., and Stacy R. Mettier, M.D. 

{From the Departments of Pathology and Medicine, University of California Medical 

School, San Francisco, Calif.) 

In experiments designed primarily to study mesenchymal reac- 
tions in scorbutic guinea pigs subjected to infection certain degener- 
ative and proliferative lesions were observed in the heart valves. 
These observations led to a series of experiments directed to the de- 
termination of the effect upon the heart valves and muscle of the fol- 
lowing: (i) uncomplicated scurvy, acute and chronic; (2) scurvy 
combined with infection, and (3) infection alone. 


Method and Procedure 

Diet: The diet used was a slight modification of one used by Dalldorf.^ 
Essentially similar diets have been employed by a number of investigators. The 
exact composition of the diet used in the experiments is set forth below. 


The Basal Diet Employed in Experiments 

Baked skimmed milk powder (baked at no to 120 C for 2 hours) 

Ground rolled oats and bran — equal parts by volume 

Butter fat 

Dried yeast (Fleischmann’s yeast for animals and poultry) 

Cod liver oil (standardized) 

Sodium chloride 

Ferrous lactate 

All ingredients were intimately mixed. The mixed food was kept in the re- 
frigerator. This basal diet and water were given ad lib. 

The diet lacks only vitamin C. It has proved quite adequate for growth and 
maintenance when supplemented with orange juice. One control anunal has 
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been so maintained in excellent condition for 6 months. Orange juice v/as given 
as desired in measured amounts by pipette. 


TAe Infecting Agent and Method of InJectio7i 

The infecting organism used in the bulk of the experiments here reported was 
a beta hemolytic streptococcus, which is the causative agent of spontaneously 
occurring cervical lymphadenitis frequently encoimtered in guinea pigs. The 
organism is a favorable one in that it is readily available, the iofection is easily 
transmitted and the strains used produce a chronic localized infection that only , 
rarely causes death spontaneously and usually remains confined to regional 
lymph nodes. Although the streptococci employed were all derived from spon- 
taneous cervical adenitis and were aU hemolytic, no attempt was made to use a 
single strain in the different series of experiments. Infection was transmitted by 
intracutaneous inoculation of pure cultures of the organism grown on Avery’s 
glucose veal broth. From 0,05 to i cc, was inoculated into the skin of the thigh 
below the groin, A skin pustule develops at the site of inoculation followed 
shortly by localization, tumefaction, and later suppuration of the regional lymph 
nodes. Infection in the scorbutic animals in general gave larger lesions which 
persisted longer and were less well encapsulated and localized. 

Care was exercised to secure animals without evidence of spontaneous in- 
fection, Infected and non-infected animals were kept in separate rooms. 


Pathological Eocamhiation 

Complete postmortem examinations were performed in the majority of ani- 
mals, Particular attention was given to the heart examinations andmany sections 
were taken from each heart. In most instances the hearts w'ere incised suffi- 
ciently to permit penetration of the fixative, (Zenker’s solution was employed 
in most cases,) The hearts were usually trimmed, after being placed in 80 per 
cent alcohol, in such a way that the mitral and tricuspid valves v/ould be sec- 
tioned simultaneously, and later the aortic and pulmonary valves. It v/as not 
possible to do serial sections on the hearts but large numbers of sections were 
cut. The mitral valve received the greatest attention. In several instances 
entirely inadequate sections v/ere obtained, due to faults in trimming, embed- 
ding or sectioning. In spite of this, sections obtained are considered quite ade- 
quate for interpretation. Somewhat more than 5000 sections of hearts were 
examined. 


The ExPERniENTs 

Four series of experiments were conducted — each series compris- 
ing groups of 18 to 30 animals, A broad outline of the groups in each 
series of experiments is given below, tabulating in brief the ma- 
terial upon which pathological studies were made. Rcpresentativ'e 
protocols of each group, giving detail of procedure, are appended at 
the end of the paper. 
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Symbols 

Control = basal diet supplemented with adequate amounts of orange juice. 

Infection only - animals infected and maintained on basal diet supplemented 
with adequate amounts of orange juice. 

ToUil scuroy = basal diet without supplement. 

Subacute scurvy — basal diet supplemented with inadequate amounts of orange 
juice. 

Chronic scurvy ~ basal diet supplemented with inadequate amounts of orange 
juice. Animals maintained longer than subacute group. In the present 
series of experiments the vitamin C deficiencies were rather severe. 


Table I 


Experiment I 


No. of 
animals 

Status 

Series No. 

2 

Control 

65-66 

4 

Total scurvy 

47-48-49-50 

5 i 

Total scurvy plus infection (beta streptococcus) . . . 

53-54-55-57-58 

3 

Infection only {beta streptococcus) 

59-61-62 

I 

Infection plus scurvy — late (beta streptococcus) . . 

60 

I 

Infection only — subcutaneous (B. aertryche) 

63 

I 

Infection with terminal scurvy (B. aertrycke) 

64 

2 

Total scurvy plus infection — subcutaneous {B. 



aertrycke) 

SX-52 

2 

Infection only — intravenous {B* aertrycke) 

69-70 

a 

Subacute scurvy plus infection — intravenous {B. 



aertrycke) 

67-68 


Table n 
Experiment II 


No. of 
animals 

Status 

Series No, 

4 

Control 

75-78-79-80 

6 

Infection only {beta streptococcus) 

71-72-73-74-76-77 

3 

Total scurvy 

86-87-90 

6 

Total scurvy plus infection {beta streptococcus) . , . 

81-83-84-85-88-89 


Note: Animals in this series were infected 8 days after being placed on the 
basal diet. The animals of this group were small, ranging from 185 to 270 gm. 
Lesions were less well defined in this group because of the short duration of life 
of very young pigs with scurvy. Animals averaging about 350 gm. are more 
satisfactory. Animals 71 and 84 received nucleotide K-96 to study blood 
response. 








64 


RINEHART AND METTIER 


Table HI 


Experiment HI 


No. of j 

animals | 

Status 

1 

Series No. 

2 

Control 

104-106 

4 

Infection only (beta streptococcus) 

T01-102-103-104-105 

2 

Subacute scurvy only 

109-I10 

3 

Subacute scurvy plus infection {beta streptococ- 



cus) 

107— 108— III 

I 

Chronic scurvy — terminal total scurvy 

1 14 

I 

Chronic scurvy only 

117 

2 

Chronic scurvy plus infection (beta streptococcus) 

11S-118 

2 

Chronic scurvy plus infection — terminal total 


i 

scurvy (beta streptococcus) 

iig-120 


Note: In this experiment the infected animals were inoculated at the same 
time with 0.05 cc. of a 28 hour broth culture. This organism produced minimal 
infections and in some instances none. The entire group was reinoculated 6 days 
later in the opposite thigh with o.i cc. of another hemolytic streptococcus from 
a different source. 


Table IV 


Experiment IV 


No. of 
animals 

Status 

Scries No. 

2 

Control 

130-131 

4 

Chronic scurvy only j 

146-147-148-149 

7 

Infection only (beta streptococcus) 

132-133-134-135- 

136-137-138 

4 

Chronic scurvy plus infection (beta streptococcus) 

150-151-152-156 


adequate survival 

3 

Chronic scurvy plus infection (beta streptococcus) 



short survival 

^ 153-154-155 

2 

Infection only (beta streptococcus) rcinoculation . . . 

139-140 

^ i 

Chronic scurvy plus infection (beta streptococcus) 


1 

rcinoculation 

157-159 

I 

4 ! 

Infection (beta streptococcus) followed by subacute 

r 42 -T 43 -‘T 44‘“^45 

1 

scurvy 


Note: Jlorc detailed data on precise treatment of individual animals may he 
had by referring to appended protocols. The chronic scurvy animals subjected 
to superimposed infection that survived infection for longer periods showed m 
general more definite pathological pictures. We feel that there is no signi.jcant 
difference in the reinoculated groups. The local reactions to reinoculation were 
mild, of short duration and showed no evidence of .spread. 

For the sake of clarity the findings in the four series will be considered as a 
whole. The results in eadi series of animals arc consistent enough in principle 0 
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Ts^rrant this method of consideration. In the heart examination particular 
attention was directed to degenerative changes in the fiber substance of the 
valves, to proliferative reactions on the part of the stroma or endothelial cells, 
and to degenerative and proliferative lesions in the muscle and pericardium. 
Findings in tlie heart valves will be considered first. 


The Normal Heart Valves 

The normal heart valves present a characteristic structure. Eight 
control animals and, because in most instances they were normal, 17' 
animals subjected to uncomplicated infection, comprise the material 
for this analysis. Sections of the heart were obtained in aU. Exami- 
nation may be considered adequate in about 20 instances. 

Control Animals: The normal valves as seen in the control animals 
possess a compact rich fiber structure. The fibrous stroma is closely 
set and consists of abundant, wavy, uninterrupted fibrils. The nuclei 
are of a mature sort, are regular in size and contour and are usually 
arranged axially. Little or no cytoplasm is visible around the nuclei, 
which appear to be naked in the fibrous stroma. Of the 8 control 
animals maintained on the basal diet supplemented with adequate 
amounts of orange juice none showed significant degenerative or 
proliferative reactions. Sections of each of these hearts were avail- 
able for study and may be considered adequate in 5. In 1 animal a 
very mild proHferation of the endocardial layer was seen overlying 
the insertion of one of the large chordae tendineae. 

Infection Only: The animals on the basal diet supplemented with 
orange juice and experimentally infected with beta streptococcus 
presented essentially normal valves, except as noted below. One 
animal showed an acute necrotizing mitral valvulitis, the second an 
accumulation of a few polymorphonuclear leukocytes near the base 
of the tricuspid valve with some associated capillary endothelial hy- 
perplasia. Another animal declined with uremia from an obstructed 
urinary tract. In this animal there was a peculiar degeneration of 
the collagen fibers of a sort different from that to be described. In a 
few other instances there was observed a scattering of free mononu- 
clear cells (one with a very mild interstitial proliferation) in the 
mitral valve and questionable foci of edema or degeneration. It 
could not be determined with certainty if these were true areas of 
edema, degeneration or artefacts. No associated proliferative re- 
actions were seen, except the very mild reaction noted above. Of 20 
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animals in this group sections of the heart were secured in all and 
sections could be considered reasonably adequate in 15 instances. 
No changes were seen comparable in type or extent to those that 
occurred in the groups described below. Figure i illustrates an essen- 
tially normal aortic valve. 

The Heart Valves in Scurvy 

In practically all of the animals subjected to acute, severe sub- 
acute, or chronic scurvy definite degenerative changes in the structure 
of the valves are noted. The normally rich fibrous structure becomes 
impoverished. The fibers show thinning, fragmentation and disor- 
ganization of their regular axial arrangement. A loss of the normal 
wavy contours and at times a hyaline degenerative change of the 
fiber substance is observed. Eight of 9 hearts adequately examined 
in uncomplicated scurvy reveal changes of this sort.* Another ani- 
mal in which but few sections are available also shows degenerative 
lesions. Nuclei of the stroma cells frequently present pyknotic 
shrunken contours. In addition to the collagen atrophy and degen- 
eration described, in at least 2 instances a mild but definitely pro- 
liferative reaction of the endothelial or subendothelial cells is ob- 
served, in uncomplicated scurvy. 

Figure 2 illustrates the typical degenerative changes described, 
together with a mild proliferative reaction on the part of the endo- 
thelial and subendothelial cells. This is the most definite prolifera- 
tive reaction that is seen in uncomplicated scurvy. Usually only the 
degenerative changes are present. 

The Heart Valves in Combined Scurvy and Infection 

The lesions produced in the heart valves in combined scurvy and 
infection are striking; they are characterized by degenerative 
changes with large cell proliferative reactions on the part of the 
stroma cells. Frequently masses or fragments of peculiar h3"almc 
material are intermingled with the reacting cells. Fundamentally 
the lesions produced are similar, though differing individually in pre- 
cise histolog>'. 

♦ This is in agreement with the fundamental ol^scrvations of Hojcr * who, aithou.gh 
he did not describe the heart valves, obscr^'cd atrophic connective tissue with 
developed or imperfect collagen in various organs of animals subjected to scuro- 
obscr^'cd these changes in early and relatively mild degrees of scurvy. 
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Scurvy and infection were combined in various ways as indicated 
in the exp erunent al outlines and appended protocols. Of 31 animals 
subjected to one or another combination of scurvy and infection 
with beta streptococcus reasonably adequate examination of the 
heart was secured in 24 instances. Of this group all show recog- 
nizable degenerative changes in one or more heart valves.* In addi- 
tion to the degenerative changes 16 hearts show moderate or marked 
prohferative reactions on the part of the stroma cells in one or more 
valves. Gross examination of the guinea pig’s heart is dfficult and 
unsatisfactory. However, the valves were examined in a few in- 
stances. Figure 3 shows a rim of elevated lesions along the line of 
closure of the mitral valve in an animal subjected to infection fol- 
lowed by scurvy. Figure 4 illustrates a leaflet of an aortic valve 
showing a diffuse swelling of the valve with a mucoid degenerative 
appearance of the stroma and a distinct nodular proliferative reac- 
tion at the line of closure. In the region of the greatest proliferative 
activity fragments of an eosinophilic hyaline material are visible. 
Figure 5 shows an essentially similar reaction in the mitral valve of 
another animal. Here again hyaline fragments are seen about the 
proliferating cells and a small, newly formed capillary is present in 
the midportion of the valve. In one instance. Figure 6, the prolifera- 
tive reaction is unusually intense, overshadowing any degenerative 
changes. In another portion of this valve, however, shown in Figure 
7, a definite hyaline degeneration is apparent in conjunction with a 
large cell proliferative reaction. The character of the proliferating 
cells is shown well, and it may be seen that some of them are multi- 
nucleated. Figure 8 illustrates a lesion in which a large amount of 
hyaline material l)dng within the substance of the mitral valve, to- 
gether with the associated proliferation, forms a verrucous lesion at 
the line of closure. Figure 9, a higher magnification of the same 
valve, shows the dark, homogeneous eosinophilic hyaline material, 
the paler mucoid material and the proliferating cells, which make up 
the lesion. In Figure 10 is shown the mitral valve in an animal sub- 
jected to partial scurvy and infection. An area of hyaline degenera- 
tion with an accompan5dng proliferative reaction is seen in one 
leaflet. Here the endothelial surface layer has been eroded. There is 
a small focus of disintegratmg red cells just beneath the surface. The 

* In this study the mitral valve was most closely examined and in most though not 
all instances showed the maximal involvement. 
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distal portion of the valve shows atrophic degenerative changes in 
the collagen. The opposite leaflet presents hyaline degeneration with 
a mild diffuse hypertrophy and hyperplasia of the stroma cells. A 
striking lesion of the aortic valve is seen in another animal of the 
series, Figure ii. Here we find the normal fibrous structure is gone 
and replaced by cells with a large cytoplasm, some of which show 
two or more nuclei. At the contact surface is a thin fibrinous mesh. 
The two leaflets appear almost fused. Numerous fragments of an 
unidentified hyaline material resembling swollen collagen may be 
seen in the substance of the valve beneath the contact surface. 
The cytological characters of the proliferated cells are shown in 
Figure 12, taken at the contact area of the same valve. The prolifer- 
ated cells in the various lesions present certain characteristic ap- 
pearances : They show one or more large hyperchromatic or vesicular 
nuclei with sharp nuclear membranes and frequently prominent 
nucleoh or chromatin dots and ridges. The cytoplasm takes a dull 
eosinophilic or basophilic stain, is usually considerable in amount 
and outlined poorly, yielding cells of various shapes and irregular 
contours. 

Similarity of the Experimental Lesions to those of 
Rheibiatic Endocarditis 

Attention is called to the similarity of the experimental lesions 
described to those of the early stages of rheumatic fever. Swift ^ has 
directed attention to the interstitial position of the fundamental 
lesion in rheumatic endocarditis. Clawson ^ has emphasized the es- 
sential proliferative nature of the inflammatory process in the valves 
in rheumatic endocarditis. In Po3mton and Schlesinger’s recent 
re\iew of rheumatism they state: “Evidence is rapidly accumulat- 
ing in favor of Po)Titon and Paine’s view that the valvular vegeta- 
tions owe their formation to a subendothelial proliferation of cells 
and not to a primary destruction of the endothelium.” Ribbert ® 
speaks of characteristic changes in the subendocardial tissues be- 
neatli the thrombus or beneath the free surfaces, consisting in an en- 
largement of and gradual increase in number of the cells, whose 
cj’toplasm enlarges and consequently cau.ses a mild thickening of 
the tissues. This change, he finds, is accompanied by a transforma- 
tion of the nmschcn-subslanz which becomes clearer, more tran.slu- 
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cent and the fibrillar structure less distinct. The essential similarity 
of the experimental lesions to the early lesions of rheumatic fever is 
apparent. Perhaps the most exhaustive study of the pathology of 
rheumatic fever has recently been made by Klinge and his collabora- 
tors in a series of twelve papers on “Das Gewebsbild des fieberhaften 
Rheumatismus.” The findings have been summarized in the last 
publication.' The fundamental lesion they describe as “a swelling of 
the ground substance of the connective tissue with a simultaneous 
chemical transformation into a substance which for the most part 
takes the stain of fibrin.^’ This change, which they briefly designate 
as fibrinoid degeneration, is considered the primary lesion of rheu- 
matic fever. In the heart valves, as in other connective tissues, there 
follows a proliferation of the connective tissue cells which, with a 
gradual disappearance of the fibrinoid masses, dominates the picture 
so that a part or the whole of the valve is transformed into a ceU-rich 
granulation tissue. This comes close to the pathology observed in 
the experimental animals subjected to scurvy and infection. Khnge 
describes as classically rheumatic the verrucous lesion formed by an 
edematous, mucoid, hyaline, fibrinoid swelling of the valvular tissue 
(particularly the subendothelial layer), which pushes the endothe- 
lium before it forming a warty nodule. The above appears to de- 
scribe perfectly the experimental lesion illustrated in Figures 8 and 9. 
This lesion is strikingly like a verrucous nodule shown in Figure 5 of 
Clawson’s ^ study of endocarditis. Attention is called to the nuclear 
and cytoplasmic characteristics of the proliferating cells, as shown in 
Figures 7 and 12, which answer very closely the descriptions given 
by Gross, Loewe and Eliasoph ® of the typical cells in the Aschoff 
reaction. 

We have been unable to date to examine lesions extensively for the 
presence of bacteria. However, the Giemsa stain, on Zenker-fixed 
tissue, was applied in one of the most intense proliferative reactions 
and microorganisms could not be demonstrated. 

Briefly, in summary, it may be said that animals subjected to 
combined scurvy and infection with beta streptococcus develop, in 
a considerable proportion, lesions in the heart valves resembling 
closely the lesions of rheumatic endocarditis. 

Interstitial Reactions: The Aschoff reaction in its most characteris- 
tic form is perhaps pathognomonic of rheumatic fever. It is well to 
remember however, as has been noted by Gross and Ehrlich,® Swift, 
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Clawson/^ Klinge/ and others, that the Aschoff body is not a static 
structure but goes through an evolutionary cycle and that a consider- 
able factor of time is probably necessary for the development of the 
lesion in its most characteristic form. In principle and character the 
lesions produced in the heart valves are fundamentally similar to 
those of the Aschoff reaction. Judged by the most severe standards 
it perhaps cannot be fairly said that the Aschoff body has been re- 
produced in the heart muscle. However, proliferative lesions have 
been observed in the myocardium and beneath the mural endocar- 
dium in animals subjected to a combination of scurvy and infection, 
which bear a strong resemblance to and are believed to be funda- 
mentally similar to reactions seen in rheumatic fever. These reac- 
tions are clearly different from the accumulations of l3nnpho(ytes 
with or without large mononuclear cells and foci of more or less 
mature fibroblasts occasionally encountered in control animals, or 
in animals with infection maintained on an adequate diet. Char- 
acteristic proliferative lesions produced experimentally in combined 
scurvy and infection are illustrated in Figures 13, 14 and 15. Degen- 
erative changes are usually discernible in the near-by muscle fibers. 
Figure 13 shows a well defined proliferative lesion at the angle of at- 
tachment of the mitral valve, a frequent site of lesions in rheumatic 
fever. Figure 14 shows a proliferative focus beneath the mural 
endocardium. In one area a focus of eosinophilic hyaline material 
resembling swollen fragmented collagen is seen, and in another area 
there is a scattering of red blood cells. Figure 15 shows a large cell 
proliferative response in the muscle of an animal infected and then 
maintained 38 days on a low vitamin C diet. The fibrinoid degener- 
ation of Klinge has been encountered in the experimental animals in 
several situations; notably in the synovial and capsular tissues of 
joints, about the costochondral junctures, in a subcutaneous nodule 
in one animal and in the interstitial tissues of the heart in another. 
The latter lesion is showm in Figure 16. Finally, w^ell defined prolifer- 
ative reactions of large, and at times multinucleated, cells have been 
observed in the pericardium in several instances, occurring both in 
uncomplicated chronic scurvy and in scurvy vrith superimposed 


infection. 

Experiments 'dfith B. Aerlrycke: The experimental studies using 
organisms other tlian the beta streptococcus are not sufficient for 
final conclusions but a fev/ observations with B. aertrychc as the 
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infecting agent suggest that the factor of infection in production of 
lesions is not specific. Two animals were maintained on the basal 
diet and subjected to infection by subcutaneous inoculation with 
B. a^rtrycke i8 days after onset. One animal surviving the infection 
only 6 days showed some atrophy and collagen degeneration and a 
small focus of proliferation in the mitral valve. The second animal 
survived infection 20 days and showed collagen degeneration, a dis- 
tinct proliferative reaction at the base of the mitral valve, and an 
Aschoff-like reaction in tlie muscle at the region of attachment of the 
mitral valve. An animal, given an adequately supplemented diet and 
subject to the same type of infection for a similar period, showed es- 
sentially normal valves. Two animals were subjected to severe but 
not total scurvy and infection by intravenous inoculation with B. 
acrtrycke. One developed an acute necrotizing and hemorrhagic 
mitral valvulitis, the other showed definite collagen degeneration 
and a diffuse interstitial proliferative reaction in the mitral valve. 
Unfortunately no sections were secured in the 2 control animals of 
this series. The data for this organism remain incomplete and inade- 
quate but suggest that the infection need not necessarily be specific. 

Discussion 

Experwiental A Uempts to Reproduce Rheumatic Fever: Experimen- 
tal attempts to reproduce the disease rheumatic fever have proved 
disappointing. No attempt will be made to review the rather 
extensive literature since the subject has been summarized recently 
by Gross, Loewe and Eliasoph,® who themselves conducted rather 
elaborate experiments in an attempt to reproduce rhemnatic fever. 
They conclude: Judged by the criteria used, we have failed to re- 
produce the disease. This conclusion we believe holds true for all the 
work thus far reported in the literature.” Studies for the most part 
have been made with a variety of streptococci isolated in various 
ways from cases of acute rheumatic fever. While it is true that en- 
docarditis and arthritis have been produced by injecting large doses 
of streptococci intravenously, such procedures obviously differ 
rather radically from cHnical conditions of rheumatic fever. Al- 
though organisms may be found at times in the blood stream in acute 
rheumatic fever there is no evidence of overwhelming bacteremia. 
The lesions produced experimentally by such massive intravenous 
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inoculations with streptococci have corresponded more closely to 
vegetative endocarditis and suppurative arthritis than to those of 
rheumatic fever. It is believed that the lesions produced in the heart 
valves, muscle and pericardium by the experimental method em- 
ployed in this study correspond more closely to those of rheumatic 
fever than any previously reported. 

The Similarity of the Fwidamental Pathology of S curdy and Rheu- 
matic Fever: Numerous investigations, notably those of Aschoff and 
Koch,^^ Hojer,^ and Wolbach and Howe,^" have revealed the basic 
defect of the scorbutic animal to be an inability to form normal in- 
tercellular substances, such as bone, dentine, collagen, and so on. 
Degenerative changes overtake the preformed coUagen and the or- 
ganism is unable to replace it with a normal substance. The repara- 
tive attempt is abortive and an imperfect cement substance is 
formed. It is of great interest to note that the concept is developing 
that the fundamental lesion of rheumatic fever is an abnormality of, 
or degenerative change involving, the intercellular substance of the 
connective tissue. This has been stressed by Klinge and described as 
a fibrinoid swelling of the ground substance. It has been previously 
noted that such lesions corresponding closely to Klinge’s descriptions 
and illustrations were observed in various sites in the experimental 
animals, Shaw and others have pointed out that masses or frag- 
ments of swollen collagen are practically always demonstrable at the 
center of the rheumatic proliferative reactions. It is quite clear that 
the dominant lesions of rheumatic fever, i. e., endocarditis, arthritis 
and subcutaneous nodules, occur at points of stress. It would be at 
such sites that any weakness or imperfection in the intercellular sub- 
stance of the connective tissue would first become manifest. It would 
appear from the experimental studies that the infection alone or the 
scorbutic state alone are in themselves not adequate for development 
of the characteristic lesions of rheumatic fever, but that when the 
insult of infection is added to the fundamental disability of the scor- 


butic state the lesions occur. 

The Factor of Infection in Rheumatic Fever: The vast amount of 
clinical and bacteriological data that have accumulated would ap- 
pear certainly to indicate a factor of infection in rheumatic fever and 
almost certain to implicate one or another form of streptococci. Die 
bacteriological observations on rheumatic fever arc extensive. The 
essential contributions to the bacteriology of this disease are avail- 
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able in recent reviews by Coburn/^ Swift, and Poynton and Schles- 
inger.® All studies point strongly to streptococci, but there is no 
uniformity in the type or strains described. To explain rheumatic 
fever simply on the basis of streptococcic infection is inadequate in 
several respects, notably the unique pathology of the disease, the 
failure to reproduce the disease experimentally with simple strepto- 
coccic infection and finally the lack of uniformity in the type and 
strain of organisms found associated with it. With a concept of a 
condition of vitamin C undernutrition as the essential background 
for rheumatic fever the need for a strain specific infection would 
appear unnecessary. 

Recent investigations of Coburn,^^ Swift,^° and Gibson and Thom- 
son point rather strongly to the practical importance of Strepto- 
coccus hemolyticus. Coburn recently studied and reviewed the 
factor of infection in the rheumatic state. He has observed the 
prevalence of Streptococcus hemolyticus infection in New York in 
the spring months and makes the following significant statement. 
“When there was actual local disease resulting from the infection 
with Streptococcus hemolyticus, the clinical picture was manifest as 
scarlet fever, pharyngitis, tonsillitis, sinusitis, otitis, mastoiditis, 
cervical adenitis or bronchopneumonia, depending upon the tissue 
involved and the nature of the clinical response. In most individuals 
the local disease was the only manifestation of invasion of the tissues 
with Streptococcus hemolyticus. In a small minority, however, local 
infection was followed by the rheumatic state.” This, together with 
observations by many others, suggests an undefined state occurring 
in certain individuals which predisposes them to rheumatic fever. 
Gibson and Thomson find an association between infection with 
Streptococcus hemolyticus and rheumatic fever, but state: “There is 
some other factor as yet elusive which is required to complete the 
picture.” The observations here reported, together with other pre- 
liminary experimental observations on the joints and a study of the 
epidemiological pecuharities of rheumatic fever, notably the social 
and seasonal incidence and geographic distribution, strongly suggest 
that a nutritional state of latent or submanifest scurvy may be the 
factor predisposing certain individuals to develop rheumatic fever 
under the added stress of infection. I'hat vitamin C malnutrition 
exists as a problem of defim'te importance has been indicated by the 
work of Gothlin in Sweden, and Dalldorf in this country. 



74 


RINEHART AND METTIER 


Representative Protocols 
Series I 

Control: T^o. 66. Put on basal diet 8/1/32. Weight 300 gm. Given orange juice 
supplement 4 cc. daily by pipette. Excellent condition when chloroformed 
on 8/29/32. Weight 375 gm. 

Pathological notes: Tissues normal. 

Infection Only: No. 61. Put on basal diet 8/ 1/32. Weight 375 gm. Given daily 
adequate orange juice supplement. %/t6Jz2, infected with ieto strepto- 
coccus o.i cc. intracutaneously in thigh (inner aspect). 8/19/32, small 
pustule and regional enlarged lymph node. 8/30/32, skin healed, 2 small, 
regional lymph nodes. 9/6/32, chloroformed. 

Pathological notes: Encapsulated suppurated inguinal lymph nodes. 
Other tissues essentially normal. 

Total Scuroy: No. 49. Put on basal diet 8/1/32. Weight 300 gm. Maintained 
without orange juice supplement until death 9/2/32. Weight 190 gm. 

Pathological notes: No evidence of infection. Collagen degeneration and 
slight proliferation in mitral valve (Fig. 2). Hemorrhage into bladder. 
Erythrophagocytosis in l3anph nodes. 

Total Scurvy Plus Infection: {beta streptococcus) No. 53. Placed on basal diet 
only 8/1/32, weight 340 gm. 8/16/32, weight 390 gm. Inoculated intra- 
cutaneously skin of thigh with o.i cc. 24 hour culture beta streptococcus. 
8/19/32, pustule with small re^onal lymph node. 8/26/32, large local 
mass of lymph nodes with reddened, fixed overlying skin. 9/5/32, animal 
given 2 cc. orange juice. 9/6/32, sacrificed. Weight 210 gm. 

Pathological notes: Necrotic area in left groin surrounded by enlarged 
infected lymph nodes fixed to surrounding tissues. Mitral valve shows 
t}q3ical verrucous lesion (Fig. 8). Spleen enlarged, hyperplastic pulp, 
microscopic abscesses, early fibrosis of malphigian bodies. Lungs, marked 
passive congestion and edema. Hemorrhage into adrenals and bladder. 
Costochondral junctures show’ typical scorbutic changes, one im'croscopic 
focus of osteomyelitis. Fibrinoid degeneration in heart and about costo- 
chondral junctures. 

Subacute Scurvy Plus Infection: {B. Aertryckc intravenously) No. 67. Placed on 
basal diet 8/18/32. So maintained without orange juice for 21 days. Then 
partial scurvj’for the next 21 days to 9/28/32 (total 14 cc. orange juice in 
divided doses). 9/1/32, inoculated into the skin with alpha streptococcus 
(human source). Did not develop any infection. 9/ 14/32, 0.2 cc. of broth 
culture of B. acrtrycke given intravenously. Died 14 days later on 9/ 28/32. 

Pathological notes: Abscess in liver, fibrinous pleurisy with collapse of 
left lung. Hemorrhage into adrenals and swollen costochondral junctures. 
Alicroscopic examination shows a degenerative and proliferative lesion in 
the mitral valve and a slight pericardial proliferative reaction; purulent 
empyema with subpleural abscesses; focal necrosis in the liver; fibrosis of 
malphigian bodies in the spleen. 

Series II 

This scries was essentially similar to Series I. The infecting agent was a 
beta streptococcus. Tlie group of animals was younger and the pathological 
changes less definite, due to the shorter survival period of younger animab. 
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Series III 

Infection Only: {betn streptococcus) No. 105. Placed on basal diet 12/1/32. 
Weight 330 gm. Received daily orange juice supplement throughout ex- 
periment. 12/15/32, inoculated intracutaneously (left thigh) with o.i cc. 
broth culture beta streptococcus. 12/21/32, showed small nodule at site of 
inoculation. No involvement of regional node. Reinoculated right thigh 
witli O.I cc. broth culture beta streptococcus from another infected animal. 
Developed skin reaction and regional lymph node infection, which reached 
maximum size of 1.5 cm. by i cm. on 12/27/32. Also a smaller node in 
the right groin. Subsequent course: regression of lesions. Chloroformed 

1/31/33- 

Pathological notes: Encapsulated lymph node 0.5 cm. in diameter in 
left groin. Other gross findings normal. Questionable edema in leaflet of 
mitral valve. Focal accumulation of lymphocytes in heart muscle. 

Siiiacute Scurvy Plus Infection: {beta streptococcus) No. iii. Placed on basal 
diet without orange juice 12/1/32. Weight 315 gm. 12/15/32, inoculated 
intracutaneously 0,05 cc. 28 hour broth culture beta streptococcus, left thigh 
(inner aspect). 12/21/32, small lymph node enlargement. Reinfected with 
O.I cc. broth culture of beta streptococcus of different source by intracu- 
taneous inoculation in right thigh. Developed enlarged regional l3miph 
node, which subsided after maximum enlargement on 12/27/32. Both 
knees swollen 12/24/32. Beginning 12/19/32 over period of 11 days was 
given total of 18 cc. orange juice in divided doses, i cc. given 1/4/33 and 
none further until chloroformed 1/20/33. Weight 254 gm. 

Pathological notes: Gross findings — enlarged spleen, moderate hemor- 
rhage about knees and into chest wall on left. Swollen costochondral 
junctures. Gross examination of mitral valve showed verrucous nodule. 
Microscopic examination showed degenerative and proliferative lesion of 
mitral valve (shown in Fig. 10). Spleen shows hyperplastic pulp, erythro- 
poiesis and fibrosis of malphigian bodies. 

Chronic Scurvy Phis Infection: {beta streptococcus) No. 118. Weight 365 gm. 
Placed on basal diet 1 2/1/3 2. Duration of experiment 2 months. Received 
2 cc. orange juice on alternate days for first month and i cc. on alternate 
days for last month. 12/15/32, inoculated 0.05 cc. culture beta streptococ- 
cus, intracutaneously left thigh. Developed small skin lesion and small 
node in groin. 12/21/32, reinoculated right thigh o. i cc. beta streptococcus. 
12/27/32, shows large infected mass in the left groin fixed to surrounding 
tissue and skin and immobilizing the knee. Smaller lesion on right. Gradual 
regression of lesions until sacrificed 1/3 1/33. 

Pathological notes: No evidence of active infection. Knees fixed. Nodule 
noted grossly on aortic valve. Costochondral junctures swollen. Micro- 
scopic examination shows striking proliferative lesion on aortic valve (Fig. 
ii). Fibrinoid degeneration about costochondral junctures. Degenerative 
changes in intercostal muscle. Fibrosis of malphigian bodies in spleen. 
Fibrinoid degeneration and proliferation in synovia and periarticular tissue 
of knee. Little hemorrhage into joint spaces. 

Seioes IV 

Dietary Control: No. 130. Weight 368 gm. Maintained on basal diet supplement 
with orange juice (4 to 6 cc. daily) for 71 days when chloroformed. Weight 
625 gm. Excellent condition. Joints negative. 
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Pathological notes: No gross changes. Heart valves normal limits. 
Slight endothelial proliferation over insertion of one of the large chordae 
tendineae. Focal accumulation of lymphocytes and nuclear fragments in 
tissue between auricle and ventricle. Knees histologically normal. 

Chronic Scurvy Only: No. 149. Weight 390 gm. Placed on basal diet begiimiug 
1/19/33* Maintained for 71 days with 24 cc. orange juice in divided doses. 
2/23/33 showed partial fixation of both knees. Chloroformed 3/31/33. 

■ Weight 300 gm. 

Pathological notes: Slight hemorrhage into chest wall. Hemorrhagic 
stippling of bladder. Swollen costochondral junctures. Little hemorrhage 
into muscle above and below knees. Mitral valve shows moderate degener- 
ation. A small Aschoff-like proliferative reaction is seen in the epicardium, 
L3anph nodes show erythrophagocytosis and pigmentation. Fibrinoid 
degeneration about costochondral juncture. Fatty degeneration about 
central veins of the liver. 

Infection Only: {beta streptococcus) No. 132. Weight 411 gm. Placed on basal 
diet beginning 1/19/33. Maintained for total of 67 days with daily orange 
juice supplement (4 to 6 cc.). Inoculated 2/10/33 with 0,1 cc. broth culture 
beta streptococcus 22 days after onset. 2/19/33? shows enlarged inguinal 
l3unph node r.2 by 0.6 cm. Gradual regression of infection until sacrificed 
3/27/33* Weight 550 gm. 

Pathological notes: Complete regression of local infection. Organs and 
tissues including joints grossly normal. Microscopic examination; heart 
valves normal except for questionable area of degeneration in mitral valve. 
Excess iron pigment in spleen and old degenerative lesion at costochondral 
juncture (evidence of old scurvy anteceding experiment?). Knee and elbov/ 
joints quite normal. 

Chronic Scurvy Plus Infection: {beta streptococcus) No. 152. Weight 408 gm. 
Dietary regimen as in No. 149. Infection as in No. 132. Basal diet for 67 
days with total of 24 cc. orange juice in divided doses. Inoculated o.i cc, 
broth culture beta streptococcus into skin of left thigh on 2/10/33. 2/19/ 33? 
infection maximal with large mass in left groin 2 by 1.3 cm. On this day 
noted swelling and fixation of right knee and fixation of left knee. Infection 
persistent, slow regression. Animal chloroformed 3/27/33. Weight 272 gra. 

Pathological notes: Small lymph nodes in both groins. Patchy atelec- 
tasis of lungs. Costochondral junctures swollen. Single abscess in spleen. 
Bladder hemorrhagic, Browmish discoloration (old hemorrhage) about right 
knee. No evidence of recent hemorrhage. Questionable shortening of mitral 
valve. Subcutaneous nodule over bony prominence of knee. Microscopic 
examination shows definite interstitial proliferation in mitral valve, shovn 
in Fig. 5. The subcutaneous nodule shows bands of fibrinoid degeneration 
and endothelial proliferation resembling the lesion of rheumatic fever. 
Joints show fibrinoid degeneration in synovia and periarticular tissues. 
Similar degeneration in connective tissues about costochondral junctures. 
;Much hemosiderin in the spleen. Hemosiderin and erythrophagocytosis in 
cervdeal lymph nodes. _ 

Infection Follcnticd by Subacute Scurvy: No. 142. Placed on basal diet i/i9/.33 
and so maintained rvith adequate orange juice supplement (4 to 3 cc. 
to 2/10/33, when inoculated with o.i cc. culture beta streptococcus, 
ing this, maintained for 40 days with total of 1 1 cc. orange juice in dividct 
doses. Tvfaximal local infection 2/25/33* iMass in left groin 1.8 by i cm. 
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3/ 3/33, right knee slightly fixed and swollen. 3/ 14/33 both knees fixed and 
swollen. 3/18/33, elbows swollen and tender. 3/22/33, sacrificed. Weight 
272 gm. 

Pathological notes: Some hemorrhage into chest and abdominal walls 
and into bladder. Swollen costochondral junctures. Heart: gross lesion 
mitral valve. Fig. 3; microscopic lesions Figs. 6 and 7. Spleen: pigment 
in pulp and fibrosis of malphigian bodies. Hyaline material in joint spaces 
with synovial proliferation. Proliferation of capsular tissues. 


Summary 

The effect of scurvy, and scurvy combined with infection (beta 
streptococcus), upon the heart valves and muscle in the guinea pig 
has been studied. Infection in animals maintained on an adequate 
diet usually produces no significant lesions in the heart valves. 
When they occur they are of an exudative, rather than pro- 
liferative type. In uncomplicated scurvy definite atrophic and de- 
generative changes occur in the collagenous stroma of the heart 
valves. In scurvy with added infection striking lesions of a combined 
degenerative and proliferative character develop in the heart valves 
with considerable frequency. Attention is directed to the similarity 
of tlie experimental endocarditis so produced to that of acute rheu- 
matic fever. 

Degenerative and proliferative lesions occur in the heart muscle 
and pericardium of the experimental animals subjected to combined 
scurvy and infection which are considered similar in type to the 
Aschoff reaction. 

Brief evidence is given that organisms other than the beta strepto- 
coccus may, in the presence of scurvy, produce such lesions. 

The similarity of the fundamental pathology of scurvy and rheu- 
matic fever is considered. Attention is called to the fact that a basic 
lesion in both conditions is a degenerative change occurring in colla- 
gen. Lesions resembling the “fibrinoid degeneration ” of Ellinge have 
been seen in various sites in animals subjected to combined scurvy 
and infection. Edinge considers this type of degeneration the char- 
acteristic and initial lesion of rheumatic fever. 

The role of infection in rheumatic fever is briefly discussed. It is 
pointed out that a factor of infection would appear beyond dispute 
and that the streptococcus in one form or another is strongly impli- 
cated. Much evidence clearly indicates that there is some other 
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factor than simple infection contributing to the development of 
rheumatic fever. 

Experimentally, infection alone or scurvy alone will not produce 
significant lesions, but when scurvy and infection are combined 
striking lesions are produced, particularly in the heart valves. 

On the basis of the experimental data reported, and other experi- 
mental, epidemiological and clinical data previously outlined, the 
theory is advanced that a condition of vitamin C undemutritionmay 
be a necessary background for the development of rheumatic fever; 
when the insult of infection is combined with the scorbutic state, 
the pathological picture of rheumatic fever develops. 

Note: The authors wish to express appreciation to Dr. Charles L. 
Connor for stimulation and advice given during the course of these 
experiments. 

We also wish to acknowledge the valuable technical assistance of 
Dr. L. L. Ginzton, Mrs. K. L. Purviance, Miss Pearl Y. Hall, Mr. 
W. A. Hewitt and Mr. E. Nauman. Miss Bernice Eddie generously 
assisted in the bacteriological work. 
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DESCRIPTION OF PLATES 


Plate 43 

Fig. I. Aortic valve. Control infection. Animal No. 132. Showing compact 
structure of essentially normal aortic valve, x 95. 

Fig. 2. Mitral valve. Scurvy only. Animal No. 49. Showing degenerative 
changes in valvular stroma and a mild proliferative reaction. The degenera- 
tive changes are characteristic; proliferative reactions are not usual in un- 
complicated scurvy, x 90. 

Fig. 3. Mitral valve. Infection plus scurv3^ Animal No. 142. Showing rim of 
elevated nodular lesions along line of closure of the mitral valve. Dra-mi 
under dissecting microscope. See Figs. 6 and 7 for microscopic appearances 
of this valve. 

Fig. 4. Aortic valve. Chronic scurvy plus infection. Animal No. 159. Show- 
ing swelling and degeneration of valve with distinct proliferative nodule at 
line of closure, x 100. 
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Plate 44 

Fig. 5. Mitral valve. Chronic scurvy plus infection. Animal No. 152. To show 
swelling and degeneration in the stroma and a diffuse suhendothelial pro- 
liferative reaction in the mitral valve. A delicate, newly formed capillar}' 
may be seen in the mid portion of the valve, x 120. 

Fig. 6. Mitral valve. Infection plus scurv}'. Animal No. 142. .“^n unusually 
intense proliferative reaction involving the full thickness of the valve. See 
Fig. 3 for gross appearance, x 95. 

Fig. 7. iVIitral valve. Infection plus scurvy. Animal No. 142. Another area 
of the valve illustrated in Fig. 6. This section shows a hyaline degenerative 
change in the valve stroma w'ith an accompanying proliferative reaction. 
Detail of the proliferated cells may be seen. Some are multinucleated. 
X 175- 

Fig. 8. iMitral valve. Scurvy plus infection. Animal No. 53. A combined de- 
generative and proliferative lesion in the mitral valve occurring in region of 
line of closure. See next figure for detail, x 45. 
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Plaxe 45 

Fig. 9. Higher magnification of the lesion illustrated in Fig. 8. A fibrinoid and 
mucoid degeneration with an early proliferative response composes this 
verrucous nodule. This lesion is considered characteristically rheumatic. 
X 350. 

Fig. 10. j\Iitral valve. Subacute scurvy plus infection. Animal No. iii. An 
area of hj’^aline degeneration with an accompanying proliferative reaction is 
seen in one leaflet. Here the endothelial surface layer has been eroded. 
There is a small focus of disintegrating red blood cells just beneath the 
surface. The distal portion of this leaflet shows atrophic degenerative 
changes in the collagen. The opposite leaflet presents hyaline degeneration 
with a mild diffuse hypertrophj’^ and hyperplasia of the stroma cells, x 45- 

Fig. II. Aortic valve. Chronic scurvy plus infection. Animal No. 118. A 
striking proliferative reaction in two leaflets of the aortic valve; diffuse 
edema of valve with proliferation of hj'perplastic cells. The two leaflets 
appear almost fused. Fragments of an unidentified hyaline material re- 
sembling swollen collagen are present in the substance of the valve beneath 
the contact surfaces. A thin layer of fibrin lies between the two leaflets. 
X 95- 

Fig. 12. Higher magnification of same lesion shovTi in Fig. ii. Showing de- 
tailed characteristics of proh'ferating cells. Note the large vesicular nuclei 
with prominent chromatin dots and nuclear membranes. The c>'toplasm is 
abundant, dullj'^ eosinophilic (hematoxjdin and eosin stain), faintl}' granular 
and irregularly outlined. Some of the cells show more than one nucleus in a 
single mass of cytoplasm, x 650. 
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Plate 46 

Fig. 13. Interstitial proliferative reaction at the angle of attachment of the 
mitral valve. Infection plus scurvy. Animal No. 143. Showing a concen- 
tric proliferative nodule composed of hyperplastic cells resembling the 
Aschoff reaction of rheumatic fever, x 420. 

Fig. 14. Subendocardial reaction. Chronic scurvj' plus infection. .Animal 
No. 115. This proliferative reaction beneath the mural endocardium shows 
in one area a focus of eosinophilic h}"aline material resembling swollen col- 
lagen, and in another area there is a scattering of red blood cells. The 
hyperplastic cells resemble those of the Aschoff reaction, x 420. 

Fig. 15. Interstitial proliferative reaction. Infection plus scurvy. Animal 
No. 145. Showing a portion of an interstitial proliferative reaction. The 
character of the cells forming the focus is well shown. Some contain more 
than one nucleus. Although not weU shown in the photograph the sur- 
rounding muscle fibers show distinct degenerative changes, x 560. 

Fig. 16. Fibrinoid degeneration of collagen in heart. Scur\y plus infection. 
Animal No. 53. A focus of degenerated collagen, which histologically reacts 
as fibrin, is shown adjacent to the heart muscle. The change involves the 
wall of a small vessel in addition to an elongated focus of collagen. A change 
of this type is considered by Klinge to be the fundamental and earliest 
lesion of rheumatic fever, x 175. 
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REPORT OF A CASE OF NON-LIPOID HISTIOCYTOSIS 
(RETICULOENDOTHELIOSIS) WITH AUTOPSY * 


Nathan Chandler Foot, M.D., and Charles T. Olcott, M.D. 

{From the Departments of Surgery and Pathology, Cornell University College of 
Medicine^ and the New York Hospital y New York^ N* F.) 

Introduction 

During the past decade, following Aschoff’s and Kiyono’s pro- 
mulgation of their conception of a reticuloendothelial system, a 
number of cases have been reported that appear to represent a stimu- 
lation of this system, without constituting neoplasia and without 
showing the lipoid changes of Gaucher’s disease or of lipoid histio- 
cytosis. Most of these have appeared in the German literature, com- 
ing from German or Russian sources. The titles of the articles vary 
from “Reticuloendotheliosis” to “Aleukemic Reticulosis,” with the 
use of other terms to express the pathological pictures observed. 
Theories as to the nature of the disease fall into two categories : the 
conception that it represents a response to bacterial or toxic stimuh* 
and is, therefore, of an infectious nature, and the idea that it con- 
stitutes a third type of leukemia in which the monocyte (or histio- 
cyte) is the type cell. Cases have been reported in which there did 
appear to be a monocytic leukemia but, on the other hand, many 
articles have been published in which infection seems most impor- 
tant, and there is no mention of increase of mononuclears in the cir- 
culation. We have chosen the term “non-lipoid histiocytosis” as 
expressing a subdivision in the reticuloendothelioses in general and 
in contradistinction to lipoid histiocytosis and its nearly related con- 
dition, Gaucher’s disease, in which lipoids are a prominent feature. 

The clinical picture of the disease is very indefinite and poorly 
characterized. The age and sex of the patients seem to be unimpor- 
tant, although the picture is somewhat different in childhood from its 
type in adult life. There is usually a history of recent infection, rang- 
ing from grippe or a severe cold, to otitis media, faucial infections 

* Read before the New York Pathological Society December 28, 1933. 
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sucIl as Vincent’s angina, or infections of the intestinal or genito- 
urinary tracts. The patients show a secondary anemia of varying 
grade and, in most cases, there is a slight leukocytosis of the poly- 
morphonuclear type, although leukopenias may be noted, as in our 
case. Fever is usually not a prominent feature, although the temper- 
ature is often subfebrile. A history of frequent and sometimes famil- 
ial epistaxis may be elicited. In children there is almost always 
a marked and generalized purpuric eruption on the skin with 
scattered, very small petechiae over the greater part of the body. 
For this reason thrombocytopenic purpura is often diagnosed, to be 
subsequently ruled out by further examination. 

Physical signs are scanty, except for a variable l3anphadenopathy 
and an almost invariably enlarged spleen. The liver is also usually 
found to be enlarged in the case of children, while in adults this is not 
always the case. On roentgenological examination bone changes are 
frequently seen; it is possible that they are more common than is sup- 
posed and could have been demonstrated had they been looked for 
with the X-ray. Three cases besides ours showed cysts or areas of 
rarefaction in the bones (Guizetti,^ Goldzieher and Homick,^ and 
Schultz, Wermbter and Puhl^) ; Pentmann’s ^ case showed numerous 
cavernous hemangiomas, one of which involved a vertebral body. 

At autopsy the following pathological changes are usually noted. 
In children there is a generalized petechial skin eruption; petechial 
, hemorrhages in the epicardium (as distinguished from the pericar- 
dium in general) are almost the rule in cases of all ages, and there 
may also be petechiae in the pleura. The thymus is the site of small 
abscess-like areas of softening resembling Dubois abscesses and ref- 
erable to involution and necrosis of the Hassal’s corpuscles, as de- 
termined by the microscope. The lungs and heart show nothing 
characteristic. There is usually generalized enlargement of the 
Ijmiph nodes, the cervical, retroperitoneal and other chains often 
being involved as groups; sometimes the nodes at the portal region 
are very large. The liver is practically always enlarged in children 
and shows extensive fatty infiltration; in adults it may be enlarged, 
but is not regularly fatty. In both cases early cirrhotic changes arc 
the rule. The spleen is always large, firm and tense, \\dth rounded 
edges. On section the markings are indistinct and there are some- 
times yellowish nodules in the parench>ma. The bone marrovr- often 
shovrs overgrowth into the bony spongiosa, with rarefaction of Oio 
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latter that sometimes goes on to cystic degeneration. The changes 
noted elsewhere in the body are variable and not characteristic. 

Microscopically these changes are found to be due to an over- 
growth of large mononuclear cells that multiply in the sinuses of the 
lymphoid apparatus and spleen to an almost neoplastic degree, at 
the expense of the l3Tnph follicles, and often show marked phagocy- 
tic tendencies toward erj’-throcytes and leukocytes. Sometimes they 
merely contain hemosiderin or chromatin fragments. These large 
cells are cliaracterized by a dense, sometimes basophilic cytoplasm, 
a polyhedral contour, a tendency to lie discretely separated and to 
form giant cells or sjmcytia that differ somewhat from those of the 
Langhans type or the Dorotliy Reed (Sternberg) variety. Their 
nuclei are vesicular and correspond with those of the retothelium (we 
shall use Roulet’s ^ abbreviated terminology for reticuloendothe- 
lium) in general. They may have one, or several of these. Often 
there are cells quite indistinguishable from megakaryocytes in both 
spleen and I}anph nodes. None of the type cells is possessed of the 
clear, longitudinally meshed or striated cytoplasm of the Gaucher 
cell, or of the foamy, vacuolated body of the Pick-Niemann type. In 
some cases reported eosinophils and plasma cells have been noted in 
association with these retothelial cells in moderate or large munbers. 
The liver shows a similar, but usually much less marked, retothelial 
proliferation and infiltration in the sinusoids and the portal areas, 
together with a granulomatous overgrowth of lymphoid tissue in the 
latter. The Kupff er cells may or may not be involved in the process. 
The picture here is far less striking than it is in the spleen and lymph 
nodes. Overgrowth of the connective tissue of the liver is the rule, 
sometimes amounting to early cirrhosis (there may be central necro- 
sis in adults) ; in children extreme and generalized fatty infiltration 
of the parenchyma is the rule. The bone marrow is also the site of 
similar retothelial overgrowth at the expense of hematopoiesis and 
there may be considerable increase in the fibrous tissue and vascular 
content of the marrow with an apparent congestion and hemorrhage. 
Sometimes there is a gelatin oid degeneration of areas of marrow that 
invade and destroy the spongiosa and may form cysts. 

The origin of the type cells in this disease is generally attributed to 
the reticuloendothelial apparatus; to enter into a discussion of this 
would merely reopen a much discussed subject. The participation of 
the Kupffer cells in the process is usually assumed, but scarcely 
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proved as yet. We shall discuss the question of etiology later; thus 
far we have simply attempted to establish criteria for our diagnosis 
by reference to facts gleaned from the study of some twenty cases 
reported in the Hterature. It should be noted, in passing, that only 
one of these comes from an American source; either the condition is 
rare in this country, or our pathologists have overlooked it and failed 
to recognize it. 


Report oe Case 


Clinical History: The patient was a 2f year old white female who had been 
ill for about i year, during which she had had red, hemorrhagic spots on the 
skin. Her father had suffered from hay fever and was subject to frequent nose- 
bleeds, which was also true of her maternal grandmother; her father's brother 
had also had frequent epistaxis. The child was a normal, full-term baby. She 
had had three attacks of catarrhal otitis media and had had frequent colds, to- 
gether with colitis on one occasion. The spleen had been noted as enlarged 3 
months prior to admission and, at that time, she had had severe nasal hemor- 
rhage. Shortly after this she was admitted to the Johns Hopkins Hospital, where 
a diagnosis of purpura hemorrhagica was made. The blood count showed: red 
blood cells 3,830,000, hemoglobin 75 per cent, white blood cells 4100, poly- 
morphonuclears 25 per cent, l3miphocytes 69 per cent. The smear showed few 
platelets, the bleeding time was 6 minutes, clotting time § minute. Treatment 
consisted of a transfusion and the family was advised to have a splenectomy 
performed. 

Upon admission to the Department of Pediatrics of the New York Hospital 
the child’s body was found to be covered with tiny punctate petechiae. The 
liver was palpable 7 cm. below the right costal margin. The spleen was also pal- 
pable. The tonsils were large and the inguinal and posterior cervical lymph 
nodes moderately so. There had been no jaundice. Throat cultures and the 
Schick and Mantoux tests were negative. The temperature remained below 
37.8° C. The first blood count showed: red blood cells 3,700,000, white blood 
cells 3900, adult polymorphonuclears 30 per cent, immature polymorphonu- 
clears 7 per cent, lymphocytes 39 per cent, mononuclears 4 per cent, and eo- 
sinophiles 2 per cent. Two platelet counts showed 80,000 and 130,000 respec- 
tively. The clotting and bleeding time were 3 minutes with normal capillary 
clot. The day after admission it was noted on her chart: “Not a typical case of 
thrombocytopenic purpura, in viev/ of the marked enlargement of the liver and 
spleen and the normal bleeding time and clot retraction.” Roentgenological 
examination showed no changes suggestive of Gaucher’s disease, but there was 


some stippling of the lower ends of both humeri. 

The child was readmitted about 2 weeks later and a blood examination 
showed that the platelet count had fallen, while the liver had still further in- 
creased in size. Physical examination revealed nothing of note except for the en- 
larged liver and spleen. The lynnph nodes were not much enlarged. 
counts were done and the platelets found to have fallen to 50,000 to 82,000. 1 he 
hemoglobin v:as So to 90 per cent. Two transfusions of 1 50 cc. of blood v.ere 
administered and about a week after rcadmission she was transferred to the De- 
partment of Surgery, V, ’here a small piece of spleen was excised for biopsy. ^ 
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croscopic examination of this showed a diminution in the size of the follicles, a 
profusion of large mononuclear cells in the sinuses (where they were actively 
phagocytosing erjdhrocytes) and a slight fibrous increase. A provisional diagno- 
sis of “non-lipoid histioc3dosis“ was made for the occasion, as the picture was 
unlike anything w'e had seen or read about up to that time. The complete mi- 
croscopic description will follow. 

Two weeks later splenectomy was performed in the usual manner and the 
spleen sent to the laboratory of surgical pathology, where the following de- 
scription was made. 

^^The specimen consists of a spleen weighing 310 gm.; it is dis- 
tended and its capsule is tense, its margins softly rounded and its 
surface everjnvhere smooth and shining, with a slight mottling of 
lighter areas on a dark reddish background. On section it is firm and 
a good deal of blood escapes. The section-surface shows pearly gray 
areas about 3 mm. in diameter against a brownish red background. 

Microscopically one encounters a very novel and obscure picture 
(Fig. i): the capsule and trabeculae are somewhat thicker than 
normal, there is an increase in the connective tissue in the follicles 
and radiating from them. Four stains are employed: Masson’s 
hematoxylin-phloxin-safiron, his anilin blue and his light green tri- 
chrome, and a combination of Mallory’s phosphotungstic acid hema- 
toxylin with a silver impregnation. The size of the Malpighian fol- 
licles is decreased, the arterial apparatus seems to be in order and 
practically all the pathological features are found on the venous 
side of the circulation. 

The venous sinuses and the pulp surrounding them are inundated 
with large, polyhedral cells with a dense, rather than vacuolated, 
cytoplasm. This is somewhat basophil in the Masson stains. Their 
nuclei may be multiple, lobulated and double, or irregular and of the 
gigantic t3^e; most of them are single and they are always vesicular 
and correspond with the typical nucleus of the retothelial cell. Many 
of them contain from one to many phagocytosed erythrocytes and, 
occasionally, ingested polymorphonuclear leukocytes. The silver 
impregnation shows these cells to lie in intimate relationship to com- 
plexes of reticulin fibrils, which further strengthens the assumption 
that they are retothelial. There is some increase in the reticular 
fibers of the splenic framework, particularly in the vicinity of the 
splenic corpuscles. The large phagocytic cells are not at all similar to 
those of Gaucher’s disease as they are smaller, more discrete, denser 
and lack the characteristic longitudinal striations of these, as well as 
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their epithelioid grouping in the sinuses. They also lack the multi- 
vacuolated or spongy appearance of the cells seen in lipoid histio- 
cytosis. 

Besides the cells just described, one finds a good many eosinophil 
leukoc)rtes and plasma cells in the pulp and sinuses, which gives the 
picture a slight cast toward the inflammatory side. Occasionally 
there is a lining up of the mononuclear cells along the walls of the 
intermediate venous sinuses and collecting veins, with a consequent 
similarity to cuboidal epithelium, a phenomenon not infrequently 
seen in low grade inflammations of the spleen. One more fact re- 
mains to be described: the presence of giant forms of mononuclear 
phagocytes that may be multinuclear, or may possess one very large 
vesicular nucleus, or a darkly stained and lobulated one, somewhat 
like that of the Dorothy Reed ceU of Hodgkins’ granuloma. We 
therefore have; (a) fibrous increase, (b) eosinophil leukocytes, and 
(c) cells resembling Dorothy Reed giant cells. Although these three 
points are characteristic of Hodgkins’ disease, one is disinclined to 
make this diagnosis in the face of the other quite atypical findings 
and turns, rather, to some sort of inflammatory stimulus for an ex- 
planation. In the absence of precedent for diagnosis it would perhaps 
be best for the present to adhere to the biopsy diagnosis of ‘non- 
lipoid histiocytosis.’” 

Postoperative Course: After the splenectomy the platelets rose to 90,000, 
120,000 and later to 300,000. The red blood cell count was unchanged, the 
leukocytes rose to 4000 and 9000 with 55 per cent adult polymorphonuclear 
and 8 per cent immature. The bleeding and clotting time were, as before, 3 
minutes each. A culture taken from the wound before it had closed entirely 
showed Staphylococcus aureus hcmolyticus. The child’s temperature rarely ex- 
ceeded 37.6° C, excepting on the 4th day after operation when it was moderately 
elevated. The blood cholesterol determination was 2.65 gm. per liter. The 
patient was discharged about 5 weeks after the operation, free from petechiae, 
and her wound healed over after a suture had come away. 

She was readmitted 3 months later to the pediatric service as she had been 
complaining of pain in the legs after a fall that occurred a week or two earlier; 
she had also hurt her arm in a fall and it remained painful. She now exhibited a 
recrudescence of the petechial eruption and the liver had become still larger. A 
transfusion a week after readmission was followed by an aggravation of the pete- 
chial eruption over the face and trunk. Shortly after this a k>TDhosis was noted, 
tentatively diagnosed as tuberculous, and she was placed on a Bradford frame. 
The hip and shoulder joints became tender. There was subfebrile temperature, 
37.6° C throughout her second hospitalization until death, A transfusion on 
Tune 3rd did not relieve the condition and death occurred on June Sth. She 
had a phar>mgitis on May i6th, shortly after rcadmission, cultures from wine J 
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showed Slaphylococcus aureus hcmolyiicus and Streptococcus hemolyticus\ the 
staphylococcus w'as also recovered from the blood. The icteric index and fragil- 
ity test were normal throughout her stay in the hospital. Roentgenological ex- 
amination now' showed rarefaction of the lower pelvis and of the right femur 
near its head, wdth osteoporosis of the spine and reticulation of the vertebral 
architecture, together witli increase in some of the intervertebral spaces. 


Autopsy Report 

An autopsy was perfonned 3 hours postmortem. 

Inspection: A W'^ell developed and well nourished white female of 
3 years, 93 cm. in length and weighing 15 kg. No rigor mortis is 
present, nor is the k}T)hosis noted during life apparent. There is no 
increased flexibility in the vertebral column. Slight edema is present 
practically universally. The skin is white, except for innumerable 
small, discrete petechiae on the trunk, especially prominent over the 
chest. These are very small and distmctly outlined. No cervical 
adenopathy is noted, although there is slight enlargement of the 
inguinal nodes. There is no discharge from any of the body openings. 
A white scar is seen over the left rectus muscle, 12.5 cm. in length. 

Incision: The usual Y-shaped median incision is made, as well as 
one over the length of the right femur; the head is opened in the usual 
manner. The subcutaneous tissue is edematous throughout and the 
fatty panniculus scanty. On running the knife parallel to the skin 
over the anterior thoracic wall a small pocket filled with reddish 
material of the consistence of cornmeal is encountered. This seems 
to arise from the right lower edge of the sternum and the adjacent 
ribs and is 3 cm. in its long and transverse axes and 1.5 cm. in depth. 
It does not extend to the pleural cavity. Another pocket is found 
over the lower left ribs; at first, thick chocolate-colored liquid is evac- 
uated, followed by about 5 cc. of thick creamy fluid, which comes 
from the interior of one rib and does not involve the pleura. Cultures 
are taken from this. The costochondral junctions are soft but not 
cystic. Transection of the sternum shows deep purplish marrow in 
the manubrium, but none is identified in the gladiolus or xiphoid 
process. 

Peritoneal Cavity: This contains about 30 cc. of clear fluid; there 
are a few fine adhesions present, especially around the cecum and the 
gall-bladder, the operative field about the splenic bed also showing a 
few. Slightly opaque areas are noted throughout the otherwise 
smooth and translucent peritoneum. The appendix is in its usua 
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position. The liver border shows two protuberant lappets separated 
from each other by a relatively retracted groove; one of them lies 7 
cm. below the right costal margin in the midclavicular line, the other 
6.5 cm. below the left rim in the midclavicular line, while the groove 
lies 7 cm. below the xiphoid process. The diaphragm is at the fifth 
right interspace and the sixth left rib. The mesenteric lymph nodes 
are moderately enlarged and white, the suprapancreatic group being 
the largest and having a pink color. 

Thorax: The thymus weighs 10 gm. The pericardial cavity con- 
tains 50 cc. of watery, blood-tinged fluid in which some clots are 
found; it is thought that these originate from petechiae in the epi- 
cardium. There are no pericardial adhesions. The heart and aorta 
are not remarkable. The pleural cavities contain about 20 cc. each of 
clear colorless fluid. Aside from moderate enlargement of the peri- 
bronchial l3anph nodes the pulmonary apparatus is unremarkable. 

Organs of the Neck: The cervical lymph nodes are not much en- 
larged, the thyroid gland and organs of the neck are not removed, 
palpation and superficial inspection indicating that they are not 
abnormal. 

A bdominal Organs: The liver weighs 1130 gm. Its lower presenting 
margin has been described; its consistence is firm, its color a fight 
reddish and its section surface shows a definite increase in the con- 
nective tissue, with the formation of large lobules which cause a 
slight bosselation of the peritoneal surface and are of a light yellow 
color. Fine fibrous strands separate the masses of liver tissue from 
one another. The gaU-bladder and its ducts are unremarkable. The 
spleen was removed at operation and has been described elsewhere. 
The pancreas is quite firm, but not otherwise remarkable. The 
suprarenal glands and the kidneys and urinary tract are also of the 
. usual appearance, excepting for indistinct marking and pallor of the 
kidneys. The alimentary tract shows no notable departure from the 
usual appearance. 

Bead: The brain is not abnormal and exploration of the internal 
ears and accessory sinuses is unattended by the finding of anything 
of note. The skull shows no areas of porosity, or other changes. 

Skeleton: The sternum has been described. The lumbar vertebral 
bodies contain uniformly dark purplish marrow, and after fixation 
small w'hite spots appear on the section surface. There are cysts in 
each of the intervertebral cartilages examined, which arc apparent > 
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simple, unlined absorption defects (Fig. 2). The right femur contains 
masses of dark red bone marrow, particularly prominent at its lower 
end. There are no changes in the cavity of the right knee joint, its 
surface being everywhere smooth and shining. The left ilium con- 
tains no recognizable marrow; its spongiosa is quite dry and leathery. 

Microscopic Examnation 

Thymus: There is marked fatty involution of the organ with 
necrosis and degeneration of the Hassal’s corpuscles, which are diffi- 
cult to find; a parathyroid gland of normal appearance is included in 
the section. 

Heart: Nothing of note is seen. 

Lungs: These are free from any definite bronchopneumonic areas 
and, aside from rather numerous mononuclear cells in the alveoli 
and scattered areas of interstitial lymphoid infiltration, they are 
unremarkable. No fat is demonstrable in the alveolar phagocytes. 

Liver: The most striking feature in the sections is the large 
amount of fat in the parench3ana of the organ, globules being gener- 
ally distributed throughout the section and sweUing the liver cells to 
capacity. This may be slightly more marked on the portal side of the 
lobules than on the central venous side, but the distinction is not 
marked. The tissue between the liver cords is edematous and the 
Kupffer cells numerous and large, but not as prominent as in the case 
of lipoid histiocytosis. There are none of the crowded, epithelioid 
mononuclear cells that one observes in Gaucher’s disease. Some of 
the numerous mononuclear phagocytes in the sinuses show a tend- 
ency to phagocytose erythrocytes, sharing in the picture of eryth- 
rocytic destruction evidenced in the spleen and lymph nodes, but 
to a far lesser degree. Most of the portal areas are infiltrated by 
lymphocytes and there is a definite interlobular fibrosis, demonstra- 
ble by Mallory’s connective tissue stain. Frozen sections stained 
with Sudan III and Nile blue sulphate confirm the presence of large 
quantities of neutral fat in the parenchyma, but fail to demonstrate 
any of this in the Kupfifer cells. No lipoids are demonstrable. 

Pancreas: There is rather marked fibrosis of the organ with rather 
large numbers of mononuclear phagocytes in the fibrous tissue. 

Suprarenal Glands: Examination of sections from these is nega- 
tive. 
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Kidneys: There are the usual changes noted in toxic nephrosis, 
with numerous fat droplets in the epithelium of the convoluted 
tubules, which constitutes a lipoid nephrosis. 

Mesenteric Lymph Nodes: Those about the pancreas show the 
most notable lesions (Fig. 3). The sinuses between the secondary- 
follicles are greatly dilated and filled with large numbers of large 
mononuclear cells, which are actively phagoc3d;osing erythrocytes 
in enormous numbers and, to a lesser extent, engulfing lymphocytes 
and other leukocytes. The foUicles are compressed into mere ribbons 
between the greatly dilated sinuses. One section shows cells that are 
indistinguishable from megakaryocytes. Frozen sections stained 
with Sudan III and Nile blue sulphate demonstrate a little neutral 
fat in the capsule of the nodes, but none whatsoever in the phago- 
cytes, which are also free from lipins. 

Bone and Marrow: The intervertebral discs exhibit a simple loss of 
central substance, with a ragged wall to the cysts quite free from any 
cellular lining or inflammatory reaction. The adjacent vertebrae 
show a few fine bony trabeculae separated by very large spaces lined 
with endothelium and loosely packed with erythrocytes. Relatively 
few phagocytes are found in these sections. In those from the femur, 
on the contrary, there is considerable phagocytosis of erythrocytes 
by large mononuclear cells, together with relatively slight erythro- 
blastic and only moderate myeloblastic activity. A few small areas 
of degenerating polymorphonuclear leukocytes (rather like tiny 
abscesses) are noted. Plasma cells are encountered in moderate 
numbers. There is early fibrosis of the marrow and occasional small 
masses of tangled fibrin are seen here and there. The general picture 
is reproduced in Figure 4. The sections from the sternum show, in 
addition, myxomatous degeneration of the marrow. The process m 
the marrow of these various bones, then, represents chiefly degen- 
eration with a slightly inflammatory appearance, rather than pro- 
liferative activity. Supravital stains of the marrow add nothing 
to the picture. 

Skin: No petechial hemorrhages are caught in the sections, but 
the derma contains many large mononuclear cells and lymphocytes 
and is edematous. 

Special Stains: Sections of the bone marro-v\’, l}’mph nodes an 
liver give a positive iron reaction by Perks method, but the cells .‘^hov 
none of the delicate, light blue lines characteristic of Gaucher’s dis- 
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ease. The reaction is in the form of coarse blue granules in the phag- 
ocytes and differs in no way from that seen in the neighborhood of 
hemorrhages, or in cases of hemosiderosis from various causes. 

Laboratory Examinations 

Bacterial Examinations: Cultures were taken postmortem from 
the heart’s blood and pericardial fluid and showed Staphylococcus 
aiirem hemolyticus and a Streptococcus hemolyticus in both; others 
from the pockets over the ribs showed B. proteus, while those from 
the sternum showed Staphylococcus aureus hemolyticus. The B. pro- 
teus was a recent infection, the other two already having been found 
ante mortem. 

Animal Inocidatioii: Emulsion of the liver was injected into the 
ear vein of a rabbit and into the peritoneal cavity of a guinea pig, 
emulsions of bone marrow being similarly inoculated into two other 
animals. All four were killed 27 and 29 days after inoculation with- 
out anything abnormal presenting at autopsy. 

Summary and Diagnoses 

Autopsy Summary: The outstanding features are: (i) Notable 
increase in mononuclear phagocytes in the spleen and the lymph 
nodes of the peritoneal cavity and, to a lesser degree, in the bone 
marrow. (2) The absence of demonstrable fat or lipins in the phag- 
ocytes. (3) Simple cystic degeneration of the intervertebral discs. 

Anatomical Diagnoses: Healed splenectomy wound, moderate 
hyperplasia and hyperemia of the bone marrow, cysts of the inter- 
vertebral discs, petechiae in the skin over the trunk and in the epi- 
cardium, pericardial effusion, and granular degeneration of the 
tubules of the kidneys. 

Discussion oe the Diagnoses 

This case, then, presents the following features already assumed to 
be pathognomonic of reticuloendothehosis or aleukemic reticulosis: 

Clinical Features: Universal petechial eruption on the skin; 
secondary anemia; enlarged liver, spleen and lymph nodes; sub- 
febrile temperature; bony changes as determined by X-ray, and 
, epistaxis (Borissowa®) . 
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Pathological Features: Universal petechial eruption on the skin, 
petechiae in the epicardium; destruction of Hassal’s corpuscles in 
the thymus (Letterer/ Guizetti^); generalized enlargement of the 
l3nnph nodes in certain regions; enlargement and fatty infiltration of 
the liver; large spleen; sclerotic changes in the liver and spleen, to a 
lesser extent in the bone marrow; bony changes already mentioned 
in three cases in the literature {Joe. cit.) and pathological changes in 
the marrow. The microscopic picture of the spleen, liver, lymph 
nodes and marrow accurately corresponds vdth that described in 
most of the cases reported. The small necrotic foci over the ribs were 
also mentioned in one case (Letterer^ where there was a reddish 
phlegmon over a rib. With these facts in our possession it seems jus- 
tifiable to add to the above anatomical diagnoses the more specific 
one of “non-lipoid histiocytosis,’’ substituting this for the rather 
inclusive terms (reticuloendotheliosis, reticulosis, and so on) hitherto 
used for the same condition. For the same reason, it appears that we 
are dealing with an entity in the way of a disease and that we are en- 
titled to add this case to those already reported. 


Discussion of the Literature 


Authorities are apparently agreed that the first cases to be pub- 
lished were those of Borissowa,'’ who described three under the 
caption “Beitrage zur Kenntnis der Bantischen Krankheit und Sple- 
nomegalie.” Her findings were in close accord with our present con- 
ception of reticuloendotheliosis and decidedly at variance with the 
picture of an early Banti’s syndrome. She described the phagocyto- 
sis noted in our case with meticulous accuracy and it is a pit}’’ that 
our present methods of tissue examination were not at her disposal 
thirty years ago when she wrote her paper. 

As we have stated, there are two schools of thought as to the 
nature of this disease: the inflammatory and the leukemic. Hitt- 
mair ® would extend it to cover infectious mononucleosis at the one 
end and diffuse sarcomatosis of the retothelial type at the other. 
Some authors consider it to be a sort of leukemia in ivhich there may 


be three phases: the aleukemic (as typified by our case), the subleu- 
kemic, and the leukemic as represented by Swirtschewskaja ® in her 
report in which 95 per cent of atypical mononuclear cells vrcrc cir- 
culating in the blood. Richter reported a case in which there was 
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a general picture closely resembling reticuloendotheliosis, together 
with a typical lymphoid leukemia. On the other hand, such authors 
as Letterer,^ Schulte, Wermbter and Puhl,^ Krahn,ii Akiba,!^ Gold- 
sc hmi d and Isaac,^^ and others, believe it to be of an infectious 
nature, a response to some low grade stimulus, of a bacterial na- 
ture. Wihman is one of those who will not commit himself as to 
the probable etiology. 

The presence of subfebrile temperature in many cases, the history 
of some sort of infection preceding the development of symptoms, 
the similarity of the reaction to that often seen locally in lymph 
nodes draining chronic foci of inflammation or operative sites , — all 
these lead one seriously to consider an infectious basis for the condi- 
tion, however alluring may be the conception that one is dealing with 
a third type of leukemia. Against the latter is the fact that there is a 
definite lack of anaplasia in the type cells (such as is seen in the true 
leukemias or in retothelial sarcomatosis), little evidence of mitotic 
activity and the lack of truly proliferative foci and immature forms 
of the type cells in the blood. One cannot overlook the fact that 
there is a vague similarity in the pictures of the lymph nodes and 
spleen to those seen in myelogenous chloroma or the localized mye- 
loid tumors of myelogenous leukemia, but such areas are not found 
outside of the lymphoid apparatus in this non-lipoid histiocytosis, 
whereas they are almost the rule in the parenchyma of various or- 
gans in chloroma. Cases of true, generalized retothelial sarcomatosis 
are sometimes encountered and these have a totally different appear- 
ance from that of the disease under discussion, as well as a far more 
lawless distribution. Roulet makes this comparison clear in his 
article on retothelial sarcoma, reporting a case similar to ours for 
contrast. Lack of invasion of epithelial or other tissue foreign to the 
reticuloendothelial system in such cases is perhaps the most telling 
point in favor of inflammatory origin, and seems to mark it as a 
response to toxic stimuli rather than a form of neoplasia. 

We have quoted a number of articles in the body of this paper; 
there are others that may be referred to if the reader desires to pur- 
sue the subject. Perhaps the most complete bibliography is given by 
Hittmair,8 who has reported a number of cases and made an exten- 
sive study of the disease. Besides those already referred to there are 
interesting articles by Tschistowitsch and Bykowa,^® Ugriumow,^ 
Ewald,i8 Benecke,^^ and Ungar.^o penecke’s article deals with a case 
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of retothelial sarcomatosis, while Ungar’s showed both a retothelial 
sarcoma of the humerus (with metastases) and the histiocytic hyper- 
plasia of the disease under discussion. Both of these papers are in- 
teresting in connection with Roulet’s two publications. 

It is not our intention to discuss this question from the clinical 
standpoint; we have given as much clinical history as we deemed 
necessary for clarity and will leave its elaboration to our colleagues 
in the department of pediatrics. Our aim is to bring the case to the 
notice of American pathologists in the hope that the disease may be 
more readily recognized in this country and, perhaps, satisfactorily 
explained and placed on a more solid footing. 

Microscopic sections of the frontal area of the brain were ex- 
amined in silver impregnations after this paper was submitted for 
publication. They show a surprising increase in the niunber of 
microglia cells in the area examined, as well as an increased number 
of rod cells. Compound granular corpuscles were not found. The 
picture offered a striking similarity to that of general paresis and 
one quite unusual in so young a subject. 

This examination was carried out by Dr. Lewis D, Stevenson, 
neuropathologist to the college. 
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Plate 47 

The photographs were made by Mr. William Dunn of the department of 
photography, Cornell University Medical College. 

Fig. I. Photomicrograph of the spleen. The erythrocytes are deeply stained 
and photograph black in most instances. Note the marked phagocytosis of 
these and the v/iping out of the normal splenic topography by the masses of 
proliferated retothelial cells. Masson trichrome anUin blue, x 790- 

Fig. 2. Photograph of the excised lumbar segment of vertebral column show- 
ing the cystic degeneration of the intervertebral discs and the whitish spots 
in the marrow of the vertebral bodies. 
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Plate 48 

Fig. 3. Photomicrograph of abdominal IjTnph node. The dilatation of the 
sinuses and the presence in them of phagocytes actively engulfing erjdhro- 
cytes is very noticeable. IMasson trichrome light green stain, x 350. 

Fig. 4. Photomicrograph of the bone marrow of the femur. Phagoc3dosis is a 
feature here, although less marked than it is in the preceding figures. The 
topography of the marrow is much altered by the presence of numerous 
macrophages. IMasson trichrome light green stain, x 790. 
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MULTIPLE BRANCHIOGENIC ACANTHOMA * 

REPORT OF A CASE 

R, D. Ln-LiE, M.D., O. H. Cox, M.D., and W. C. Teotel, M.D. 

{From the National Institute of Health, Washington, D. C., and the U. S. Marine 
Hospitals at Port Townsend and at Seattle, Wash.) 

While acanthomas arising in branchial cysts are well recognized 
and not especially rare (we have seen 2 other cases, probably bran- 
chiogenic acanthoma, and 14 branchial cysts among some 2000 cysts 
and tumors of all kinds in this laboratoiy), it is believed that the 
occurrence of 3 such tiunors in one patient in the space of 3 years 
merits reporting, especially as the tumors in question aU arose defi- 
nitely in cysts in different locations. Warren and Gates ^ list many 
cases of multiple acanthoma, among which are 4 in which i of the 
tumors was located in the neck. These were classed as cutaneous 
rather than branchiogenic, and there were no cases of multiple acan- 
thoma of the neck, either cutaneous or branchiogenic. 

The patient, a white seaman, aged 55 years, applied for treatment 
on April 28, 1930, for a small indurated ulcer of the lower lip. The 
ulcer was of about 3 weeks duration, and the indurated area was 
about I cm. in diameter. There was also a hard tender gland about 
2 by 2.5 cm. in the left submaxillary region. 

At operation at the United States Marine Hospital at Port Town- 
send, Washington, the lesion on the lower lip and a cyst about 2 by 
2.5 cm. was removed from the left submaxillary region. The cyst 
ruptured in the course of removal. Its contents were sebaceous in 
character. 

On Aug. 14, 1930, the patient returned to the United States 
Marine Hospital at Port Townsend, complaining of a Imnp of 5 
weeks duration in the right submaxillary region. There was no 
evidence of recurrence of the lip lesion or of the tumor in the left 
submaxillary region. A second cyst was removed from the right 
submaxiUary region, also about the same size as the first, and con- 
taining sebaceous material. 

* Received for publication May i, 1933, 
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After this the patient returned to sea and was not seen again until 
he applied for treatment at the United States Marine Hospital in 
Seattle, Washington, on March i, 1933, complaining of a lump under 
his chin of 3 months duration. At operation a cyst about 3 cm. in 
diameter, containing necrotic material, not attached to the over- 
lying skin, lying in the midline against the under surface of the 
symphysis of the mandible was found. A fragment of periosteum 
was removed -with the cyst but the underlying bone was smooth. 

The material received for histological examination consisted of the 
lip lesion and the three cysts mentioned above. Abstracts of the 
reports made are as follows: 

“The h‘p shows only moderate downgrowth of the epithelium, mth 
a few poorly limited prickle cell strands and an occasional pearl. The 
corium shows rather dense round cell infiltration and a few foreign 
body tubercles.’’ The cyst from the left submaxillary region excised 
April 30, 1930, shov/ed “an infiltrating tumor composed of cords and 
strands of prickle cells, with keratinized pearls and keratinizing 
small multilocular cysts. In one area this tumor is definitely invad- 
ing a lymph gland.” 

The second cyst, removed on Aug. 15, 1930, from the right sub- 
maxillary region, presented “a cyst wall lined by a relatively v/ell 
limited stratified squamous epithelium, and about this a malignant 
newgrowth composed of masses of epithelial cells vdth v/ell defined 
prickles, cells -with keratohyaline granules and keratinized pearls.” 
Marked infiltrative tendencies and filling of lymphatic spaces were 
noted, mitoses were few, and well marked round cell infiltration of 
the stroma was noted. Adjacent scar tissue, fat, fasciae, muscle and 


hyperplastic lymph glands were not invaded. 

The third cyst, removed piece-meal from the symphysis of the 
mandible on March 10, 1933, showed a multilocular structure. There 
v/ere several small cysts filled with necrotic debris and lined or partly 
filled by foreign body granulation tissue and granulomas. There was 
a small Ijonph follicle in the wall of one of the cysts. The surrounding 
areolar, fascial and muscular tissues were fibrotic, infiltrated by 
l^TUphocytes and diffusely and irregularly invaded by strands and 


masses of poorly limited prickle cell epithelium with concentric 
keratinizing cell nests. Mitoses -were moderately numerous. A smrdl 
Ijmph gland and part of the excised muscle were not invaded. 

The lip tumor was diagnosed as early epithelioma (Grade I); the 



MULTIPLE BEANCHIOGENIC ACANTHOMA 


99 


three tumors arising in cysts were all considered as definitely malig- 
nant and of about the same grade (Grade III). The first two appear 
to have arisen in cysts derived from the second branchial cleft; the 
last, l3dng in the submental region, probably represents a malignant 
transformation of a mesobranchial cyst. That these tumors repre- 
sent independent primary growths is indicated by their grossly cystic 
nature and sebaceous contents.^ 
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BENZOL POISONING WITH HYPERPLASIA OF THE 
BONE MARROW* 

Dorothy H. Andersen, M.D. 

{From the Department of Pathology, College of Physicians and Surgeons, Columbia 

University, New York, N.Y.) 

Chronic benzol poisoning is recognized as a potential cause of fatal 
leukopenic anemia, accompanied by aplasia of the bone marrow. 
Hamilton ^ in her recent review was able to collect only 35 more or 
less complete autopsy reports on cases of benzol poisoning. In 2 of 
these (Cabot, 2 and Martland, quoted by Hamilton,^) there was 
hyperplasia instead of aplasia of the bone marrow, although the 
blood picture did not differ in essential respects from the other cases. 
There has been some doubt as to whether or not the presence of 
bone marrow hyperplasia is compatible with the diagnosis of chronic 
benzol poisoning, and Hamilton left the question open for want of 
evidence. Thompson, Richter, and Edsall ® have called attention to 
the frequency with which the blood pictme of aplastic anemia is 
associated with marrow hyperplasia. A brief description of the fol- 
lowing case is included in their paper, but the case was of such in- 
terest that it seemed advisable to report it in detail. 

Report of Case 

Clinical History: Presbyterian Hospital Case No. 364,427. E. B., an Amer- 
ican-bom, white male clerk, 53 years of age, entered the hospital on Dec. 29, 
1932, with the complaint of weakness and bleeding from the nose and gums 
for 2 years. His family history was negative in regard to blood dyscrasias and 
was otherwise irrelevant. His past history was essentially negative, except for 
moderate nocturia for the previous 10 years, and for occasional nosebleeds since 
boyhood. These had lasted about 15 minutes and had occurred at intervals of 
several months. Later questioning revealed the fact that he was an amateur 
photographer and for 4 to 5 months prior to onset of illness had used benzol 
for cleaning bromoil brushes 3 or 4 nights a week in a closed room, without 
taking any precautions. Further inquiry revealed that the purchases of benzol 
began 5 years before entry to the hospital. The patient’s family also stated that 
he had used benzol to remove the paint from the floors of his home. There was 
no exposure to it during the past year and one-half. 

The patient’s fllness began 2 years before admission with a severe nose- 
bleed lastiug 18 hours, and finally controlled vath adrenalin. His gums began 
bleeding at the same time. His physician kept him on a diet excluding red meat. 

* Received for publication July i, 1933. 
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One year later he had a carbuncle on the nose, which healed. In May, 1932, the 
first blood count was done and he was found to be anemic (see Table I). A 
course of liver extract and liver diet was prescribed at this time. During July, 
1932, he received four transfusions without improvement in the blood picture 
(see Table I). He felt fairly well but gradually lost strength. 

Physical Examination: Temperature ioo.S° F, pulse 84, respirations 20, 
blood pressure 150/80. The patient was a well nourished man with a sallow 
complexion and dark brown pigmentation of the skin over the hands and ankles. 
The eyes were normal, except for mild sclerosis of the retinal vessels and a few 
patches resembling old hemorrhages in the fundi. The gums, teeth and tongue 
were somewhat coated and deeply stained. The heart and lungs were normal. 
The abdomen was distended with a palpable spleen and liver. The regional 
lymph nodes were not enlarged. 

Laboratory Data: The blood counts are given in Table I. The red cells 
showed marked variations in size and shape with polychromatophiiia and 

Table II 


Polymorphonuclear Counts {^Method of Cooke and Ponder) 


No. of lobes 

I 

n 

III 

IV ‘ 

V 

Total white 
blood cells 

Normal 

10 

25 

47 

16 

2 

Tan. 16, 10^^ 

26 

56 

52 

18 

0 

0 

1400 

1 100 



Tan. 10, 

38 

8 

1 

! 2 

1 0 





basophilic stippling. Two normoblasts were seen. The polymorphonuclear 
cells were young. Polymorphonuclear counts were made on January i6th and 
19th, after the method of Cooke and Ponder.-* Fifty polymorphonuclear leu- 
kocytes were counted each time and a marked shift to the left was found, as is 
shown in Table II. 

Bleeding time 2 hours, coagulation time 12.5 minutes, no clot retraction 
within 2 hours. Fragility test: hemolysis begins — patient 0.425, control 0.45; 
complete — patient 0.30, control 0.325. The blood Wassermann test was 
negative. Serum bilirubin: very faint trace. Blood chemistry: cholesterol 
0.14 per cent, uric acid 3 gm. per 100 cc., serum protein 5.2 per cent, blood 
sugar 1.79 gm. per 1000 cc., serum calcium ii.i mg. per 100 cc., serum phos- 
phorus 3.3 mg. per too cc., blood non-protein nitrogen 22.1 mg. per 100 cc. 
Total plasma proteins 4.68 per cent, albumin 2.25 per cent, globulin 2.07 per 
cent, fibrinogen 0.36 per cent. 

Urine: specific gravity 1.018, very faint trace of albumin on one occasion, 
otherwise negative. Stool: dark olive green, soft, guaiac 4 plus. 

Course of Illness: The temperature was septic in t3T3e, ranging from 99.6° 
to 101.2° until the last week of life, when it rose irregularly to 104° F. The 
patient received the following treatment: A series of intramuscular injections 
of Lilly’s liver extract, an intramuscular injection of 22 cc. of whole blood, three 
direct transfusions with a total of 1600 cc. of blood, and subcutaneous injections 
of anti-snake venom. Two days before death he was given 5 cc. of nucleotide 
intramuscularly. The gums continued to ooze and the nose to bleed to some 
extent. On January 17th he had a hemorrhage into the intestinal tract and 
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there was a bloody stool on the following morning. On January i8th he de- 
veloped dyspnea and rales at the bases of both lungs. On January 19th he had 
a pain in the left side, which was thought to be a splenic infarct, and fresh 
petechial hemorrhages. A blood culture taken on January 20th showed Strepto- 
coccus hemolyiictts. Death took place from respiratorj’^ failure Jan. 22, 1933. 

Postmortem Examination 

Autopsy No. 11,143, hours postmortem. 

Gross Exaynination: The body is 175 cm. in length. The lips and 
nail beds are pale. Purpuric spots varying from pin-point size to i 
cm, in diameter are scattered over the body, but are more numerous 
over the thorax and abdomen and on the inner surfaces of the arms 
and thighs. They are not sharply outlined, are often irregular and 
vary in color. The feet, ankles, hands, and to some extent the face, 
are brovraish in color without scaling or thickening. The sclerae have 
a faintly icteric tinge. The nose and ears are negative. The gxuns are 
purplish and spongy, with blood clots streaking over them, but with- 
out obvious ulcerations. The tongue is dry and black. The remain- 
der of the external examination is essentially negative. 

The abdominal subcutaneous fat is 5 cm. in thickness and contains 
many small hemorrhages. The peritoneal cavity contains 75 cc. of 
slightly cloudy, blood-tinged serous fluid. The right thoracic ca\nty 
contains 200 cc. and the left 300 cc. of a fluid similar to that in the 
peritoneal cavity, but they are not otherwise remarkable. There is a 
small mass of reddish, thickened connective tissue behind the aorta 
at the level of the diaphragm. 

Heart: weight 540 gm. The enlargement is S3Tnmetrical and pete- 
chial hemorrhages are found in the epicardimn, myocardium and 
endocardium. A very slight thickening and roughening in a small 
area of the anterior leaflet of the tricuspid valve is present. The 
valves are otherwise normal. There are a few sclerotic plaques in all 
the coronar}’^ vessels, w^hich do not occlude the lumina. 

Aorta tlsomidX. 

Lungs: The right lung weighs 870 gm., the left 800 gm. Many 
small, subpleural hemorrhages are seen. The posterior tw'o-thirds of 
all lobes of both lungs are firm, non-crepitant, mottled and moist. A 
small caseous nodule lies near the main bronchus of the right lower 
lobe. 

Weight 370 gm. Measurements 15 by 9.5 by 4-5 om. roc 

margins arc rounded and the cut surface bulges above the cap^u c 
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and is moist. The pulp is soft but not friable, and contains many 
hemorrhagic areas. The malpighian corpuscles are distinguished 
with difficulty. No infarcts are found. 

Liuer: Weight 2580 gm. Measurements 28 by 19 by 10 cm. The 
organ is pale and the shape nornial. It cuts with ease, is softer than 
usual, cut surface being moist and bulging above the capsule. The 
lobular pattern is distinct; the central areas are red, the portal areas 
form wider yellow zones. The bile passages are normal. 

Pancreas: Normal. 

Adrenals: Large, soft and friable. The cortex is gray with occa- 
sional small yellow nodules, and the lipoid content appears extremely 
small. There are many small, fresh hemorrhages in the adjacent fat. 

Kidneys: The right kidney weighs 240 gm. and measures 13 by 7 by 
3.5 cm. Both kidneys are normal, except for pallor and for many 
small hemorrhages in the pelvic fat and mucosa and a few in the 
kidney parench3ma. The left kidney weighs 240 gm. and resembles 
the right. 

Pelvic Organs: The bladder is much dilated and hypertrophied and 
there are many small hemorrhages in the mucosa, the largest meas- 
uring 0.5 mm. in diameter. There is some prostatic hypertrophy. 
The testes and seminal vesicles are normal. 

Gastro-Iniestinal Tract: The stomach is much dilated and there are 
innumerable small hemorrhages in the mucosa, many of which have 
formed ulcers. These hemorrhages are also found in the first centi- 
meter of the duodenum, but are not found in the remaining duo- 
denum and small intestine. Similar hemorrhages are found in the 
cecum and to a less extent in the rest of the colon. 

Neck Organs: Hemorrhages are present in the mucosa of the 
pharynx and the base of the tongue, and there is marked edema of 
the glottis. The thyroid is normal. The lymph nodes of the neck and 
axilla are somewhat enlarged, firm and bright red. The other lymph 
nodes are normal. Smears of the sphenoid sinus show great num- 
bers of streptococci. 

Bone Marrow: This was obtained from the sternum, the fifth rib, 
the lumbar vertebrae, and the femur at a point between the mid(he 
and lower thirds. It is similar in all these places, and is semifluid, 
pale red, and without fat. In the femur marrow there are a few 
hemorrhages. 

Brain: Normal except for a few pial hemorrhages. 
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Microscopic Examination 

The changes of greatest interest are found in the spleen, liver and 
bone marrow. 

Spleen: There are many hemorrhages in the pulp. The malpighian 
corpuscles have tortuous and hyalinized central vessels and are 
edematous. Around the margins of the corpuscles there are many 
myeloid cells. Most of the abnormal cells have large, hyperchromatic, 
irregularly shaped nuclei surrounded by a little faintly basophih'c 
cytoplasm. A few mature polymorphonuclears are found. The sinu- 
soids are wide, with prominent endothelium, and they contain many 
clumps of nucleated red cells and megaloblasts. A few vessels are 
seen to be plugged with bacteria. Many of the cells in the pulp and 
a few in the corpuscles contain granules which stain for oxidase, and 
are especially well brought out by the dopa stain. The azure eosin 
stain reveals neutrophilic granules in most of the abnormal cells 
(Fig. 3). Phagocytes in the pulp contain much iron pigment. 

Liver: The portions of the lobules around the efferent venules show 
extensive degeneration, often with complete loss of liver cells and 
with extensive hemorrhages. In these areas there are many poly- 
morphonuclear leukocytes with multilobulated pyknotic nuclei. 
There are small numbers of myelocytes in the portal areas. The 
sinusoids contain many nucleated cells, some of which are normo- 
blasts; others are myelocytes. A few sinusoids contain bacterial 
emboli. There is a little pigment in the Kupffer cells, which takes the 
iron stain. Most of the cells in the central half of each lobule and in 
the portal areas contain granules that take the oxidase stain (Fig. 4)* 

Lymph Nodes: The cervical l3anph node contains many hemor- 
rhages and many myelocytes. There are a few clusters of foreign 
body giant cells. The axillary l3Tnph node is similar. The dopa and 
alphanaphlhol pyronin peroxidase stains show that most of the 
myeloid cells are in the sinuses, though a few are in tlie pulp. 

Bone Marrow: Marrov/ from the femur, rib, sternum and lumbar 
vertebrae is alike. All fatty marrow is replaced by blood cell forma- 
tion. Many small islands of normoblasts are seen. Mature cells of 
the myeloid scries are rare, but there are many nests of prcmyelo- 
cytes, cells with a large vesicular nucleus containing nucleoli and a 
pale pink, finely granular vacuolated cytoplasm fFig. 3)- Myelo- 
blasts arc few. Occasional small megalokatyocydcs are foun< . 
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Many large phagocytes are stuffed with fragments of red cells and 
other debris. The azure eosin stain shows that the majority of the 
mononuclear cells contain neutrophilic granules (Fig. 4). Most of 
the cells give a positive reaction to the dopa stain and to the al- 
phanaphthol pyronin peroxidase stain. Sections through the mal- 
leus incus and the setrous portion of the temporal bone show a 
similar marrow. 

Other Organs: There is a recent bacterial vegetation on the tricus- 
pid valve consisting of streptococci. Abscesses are found in the 
tonsil, epiglottis and behind the aorta at the level of the diaphragm. 
Bacterial emboli and hemorrhages are present in all the organs. 
There is an early bronchopneumonia, with very few polymorphonu- 
clears in the exudate. The adrenals have undergone infectious de- 
generation. There are a few tubercles in the cervical and bronchial 
lymph nodes. The prostate is hypertropliied. 

Anatomical Diagnoses: Aplastic anemia due to benzol poisoning; 
hyperplasia of bone marrow; hemorrhages in skin, subcutaneous 
tissue, heart, lungs, spleen, adrenals, kidneys, bladder and meninges; 
central necroses of liver; hemosiderosis of liver and spleen; acute 
sphenoiditis; acute tonsillitis; acute pharyngitis; abscess of epiglot- 
tis; acute bacterial endocarditis, tricuspid valve {Streptococcus he- 
molyticus)\ bacteremia {Streptococcus hemolyticus) with metastases; 
acute splenic tumor; infectional degeneration of adrenals; acute sup- 
purative nephritis; erosions of stomach; bilateral hydrothorax; 
ascites; edema of meninges; lobular pneumonia; cardiac hyper- 
trophy; benign hypertrophy of prostate; tuberculosis of cervical and 
bronchial lymph nodes. 

Discussion 

The essential features of this case are the same as in the 2 pre- 
viously reported ones, namely, prolonged exposure to benzol, a leu- 
kopenic anemia, and active formation of both erythrocytes and leu- 
kocytes in the bone marrow, giving a picture suggestive of that in 
pernicious anemia. In Martland’s case there were areas of both 
erythrocyte and leukocyte regeneration in the liver, and in Cabot’s 
case there was erythropoiesis in the spleen and slight cirrhosis of the 
liver. In Cabot’s case, which is reported in more detail, other points 
of similarity are present. The blood contained reticulocytes and 
nonnoblasts, in spite of the severe anemia with a hemoglobin of 35 to 
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50 per cent. The leukopenia of 2000-3000 white blood cells was due 
chiefly to a decrease of polymorphonuclear leukocytes. Platelets 
were much diminished and the bleeding and clotting time was pro- 
longed. There was no clot retraction. Bleeding and spongy gums, 
petechiae in the mucous membranes and congestion of the liver, 
spleen and kidneys were present. It is perhaps worthy of notice that 
both of these patients were occupied in the production of artificial 
leather. 

It is interesting to compare these 3 cases with the 2 reported 
cases of leukemia following exposure to benzol. The case of Delore 
and Borgomano ° was that of a man of 41 years, who was exposed 
to benzol for 5 years in the process of preparing pyramidon. He de- 
veloped hematemesis and was found to have multiple hemorrhages 
of the subcutaneous tissue, hematuria, and spongy and bleeding 
gums. The lymph nodes were enlarged. Examination of the blood 
revealed the following: hemoglobin 70 per cent, red blood cells 
3,147,000, white blood cells 542,500, l3miphoblasts 80 per cent, 
neutrophilic myelocytes 8 per cent, eosinophilic myelocytes 2 per 
cent, basophilic myelocytes i per cent, polymoiphonuclears 6 per 
cent, lymphocytes 3 per cent. A few normoblasts were present. 
There was no clot retraction. Death followed gangrenous stomatitis. 
The autopsy revealed extensive hemorrhages in most of the organs, 
necrotic areas in the liver, and a large pale spleen. The bone marrow 
was not described. In view of the many myelocytes and few lympho- 
cytes in the blood, and the difficulty of distinguishing lymphoblasts 
from myeloblasts, it is probable that this was a case of acute myeloid 
leukemia. It is impossible to be certain that the leukemia was tlie 
result of the exposure to benzol, but the circumstances are sugges- 
tive. 

The second case, reported by Weil,® was that of a woman of 62 
years who worked in the rubber industry. For about 2 years she had 
had fatigue, anemia, epigastric pain and loss of weight. On examina- 
tion the essential findings were jaundice, a very large liver, and a 
spleen that extended below the umbilicus. The lymph nodes ■were 
not palpable. The red count was 1,080,000, hemoglobin 30 per cent, 
without anisocj’to.sis, polychromatophilia, poikilocytosis, or nu- 
cleated red cells. The white count was 25,900, polymorphonuclcars 
60 per cent, lymphocytes 0.2 per cent, middle sized monocytes 32 
per cent, large mononuclear cells 2 per cent, neutrophils 4 



BENZOL POISONING WITH HYPERPLASIA OF BONE MARROW lOp 

After a series of transfusions and treatment with liver extract and 
X-rays, the red count rose to 1,240,000 hemoglobin, 40 per cent, and 
the white count dropped to 5600, polymorphonuclears and myelo- 
cytes to 81 per cent. The autopsy revealed a spleen and bone marrow 
with the lesions of myeloid leukemia. The bone marrow contained 
many large cells with a single pale nucleus containing nucleoli, and a 
scanty non-granular basophilic cytoplasm. Many megalokaryocytes, 
but few nucleated red cells were present. The splenic pulp contained 
masses of young myeloid cells and some megalokaryocytes. The liver 
was fatty. There was no evidence of myeloid cell accumulations in 
either the liver or spleen. There were no hemorrhages. 

This case differs from the previous one in the absence of hemor- 
rhages and in the greater maturity of the cells in the blood. 

In view of Hamilton’s ^ recent comprehensive review of the ex- 
perimental work on benzol poisoning only a few of the most pertinent 
experiments will be mentioned. Selling ^ reported regeneration fol- 
lowing aplasia in the marrow. Brandino ® (quoted by Hamilton 
found complete regeneration of the cells in the marrows and spleens 
of dogs and rabbits after cessation of treatment with benzol. The 
recent attempts of Lignac ® to produce leukemia in mice by means of 
benzol injections are of especial interest. After a number of experi- 
ments with various doses of benzol he injected a series of mice with 
minute amounts of benzol in olive oil once a week for periods of 4 to 
10 months, and of the 54 mice used 8 developed some form of leu- 
kemia, and 2 more had large lymphoid nodules in various organs 
without change in the blood picture. An interval of 2 weeks to 
2 months intervened between the last injection and death. Of the 
8 leukemias, 3 were diagnosed l37mphosarcomatosis; 1, lympho- 
blastic leukemia; 2, mast-ceU leukemia; 2, aleukemic myelosis; 
and I, eosinophilic myeloid leukemia. It seems discreet to reserve 
judgment as to the significance of these findings because of the fre- 
quent occurrence of various diseases of the lymphoid tissues in mice, 
and the fact that no mention was made of genetic control of the 
strain of mice. However, 3 or 4 of the 8 cases were types of leukemia 
that occur only rarely as spontaneous diseases in mice. 

These experiments do not throw much light on the series of cases 
that have been discussed, except that they show that some degree of 
hyperplasia of the blood-forming tissues may occur after exposure to 
benzol. The work of Lignac suggests that hyperplasia may be the 
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result of repeated minute doses of benzol, but this is not true of any 
of the 5 cases discussed, for all were exposed to rather large amounts 
of benzol. It is conceivable that there may be some connection be- 
tween the blood cell hyperplasia occasionally resulting from benzol 
and the occurrence of neoplasms as the result of the administration 
of coal tar. There is further evidence for this view in the experiments 
of Thomsen and Engelbreth-Holm,^° who injected tar into the bone 
marrow of 62 chickens every 5 days for 2 to 3 months and found 
myeloid hyperplasia in 9 of them, and a blood picture resembling 
that found in spontaneous chicken myeloid leukemia in i. This con- 
cept, however, must await further confirmation of the existence of 
leukemia resulting from benzol, since the occurrence of leukemia has 
not been proved to be more than coincidence, either in the 2 clinical 
cases or in Lignac’s mice. 


SiBIMAEY 

A case of benzol poisoning has been reported in which there was 
progressive diminution of the cellular elements of the blood, but in 
which the blood contained young cells and the bone marrow was 
extremely hyperplastic. Two other similar cases have been collected 
from the literature, together with 2 cases of leukemia associated 
with exposure to benzol. 
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DESCRIPTION OF PLATE 


Plate 49 

Fig. I. Bone marrow (femur). Among the masses of myeloblasts there are 
many nests of normoblasts (N). Azure eosin stain, x 160. 

Fig. 2. Bone marrow (femur). This shows many myeloblasts (M), one of 
which is in mitosis (Mit) and one nest of normoblasts (N). Azure eosin 
stain. X 1050. 

Fig. 3. Spleen, dopa reaction, showing the oxidase-containing cells around a 
malpighian corpuscle, x 160. 

Fig. 4. Liver, dopa reaction. There are masses of myeloid cells in the portal 
spaces (P) and somewhat less concentrated groups of them in the central 
areas (C). A few cells in the sinuses also give a positive reaction, x 28. 
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FjRIEDREICH’S ataxia * 

A CLINICAL AND PATHOLOGICAL STUDY 
A. B. Baker, M.D. 

{From the Department of Pathology, University of Minnesota, Minneapolis, Minn.) 


The symptom-complex now known as Friedreich’s ataxia was first 
described in i86i as a slowly progressive weakness and ataxia de- 
veloping during childhood and gradually advancing from below up- 
ward, attacking successively the legs, trunk and arms. Frequently 
more than one member of the same family is afi^ected. It is further 
characterized by slow scanning speech, abolition of deep reflexes, 
scoliosis, foot deformities, integrity of the cutaneous sensations and 
absence of genito-urinary disturbances. Although many variations 
have been reported in the minor clinical features, the major symp- 
toms are sufficiently constant to establish Friedreich’s ataxia as a 
definite spinal afi'ection. 

The literature was reviewed by Barrett in 1927, from both clinical 
and pathological viewpoints. Since then numerous clinical histories 
have been published, but very few pathological studies are reported. 
In view of the long duration of the disease it is not surprising that 
pathological studies are infrequent. We have recently had the oppor- 
tunity to study two cases of Friedreich’s ataxia in sisters, one of 
whom died of an upper respiratory infection and came to autopsy. 
A detailed histological study of the nervous system was made. 

Case Reports 

Case i. Clinical History: A. C., female, 21 years of age at the time of death, 
had been afflicted with this disease since the age of 5 years, and had been un- 
able to walk since the age of ii years. 

Her early childhood presented nothing of particular significance. She was 
a full term baby delivered with forceps after a prolonged dry labor. However, 
there were no head injuries nor was there any respiratory difficulty. The birth 
weight was 95 pounds. She was breast fed for 14 months, gained weight steadily 
and developed normally. Her first teeth appeared at 4 months, she sat up 
alone at 5 months, talked at 10 months, and walked at 18 months. She had 
the usual infectious diseases of childhood — pertussis at 9 months, chickenpox 
at 2 years, measles at 5 years, mumps at 7 years, influenza at 8 years, and ton- 
sillitis almost every winter. She was vaccinated at the age of 8. 


* Received for publication August 3, 1933. 
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When s years old the first difficulty in walking was noticed — a certain 
weakness of the legs and slowness of the movements. Her ankles seemed to 
twist, her knees would weaken and give way and she would fall frequently; 
however, she never hurt herself in falling, was never unconscious and v/ould 
immediately start walking again. The development and progress of the disease 
was so insidious that her mother did not become particularly vmrried about 
it imtil long after its appearance, when the weakness of the legs had become 
sufficiently developed to interfere seriously with walking. At this time the 
child was 7 years old and could hardly walk across the room without falling. 
She never complained of pain, which probably was the main reason why so 
little attention w'as paid to her condition at its onset. Coincidental with the 
onset of this ailment she developed a marked ichthyosis of the lower extremities, 
which persisted throughout life and resisted all attempts at treatment. Also, 
her spine started to assume that peculiar exaggerated lateral curvature so 
characteristic in these patients. 

Two years after the onset of illness, at the age of 7, she developed coarse 
ti^dtching movements of the entire body, especially in the extremities, which 
would become exaggerated upon walking. A physician consulted concerning 
these singular movements made a diagnosis of chorea. 

At about this same time her speech became sh'ghtly impaired. At times she 
could talk normally, but often her speech was drawling and difficult. Tlearing 
and vision were not affected. Mentally the child seemed very bright. She 
attended school regularly and kept up v/ith her class easily. 

When the patient was 9 years old the first complete physical and neurological 
examination was performed, the details of which v/iU be recorded later. At this 
time the mother had already noticed that the patient was retarded in her physi- 
cal development. She had developed a marked atrophy of all the muscles below 
the knees and her legs were always cold and cyanotic. The weakness in the 
lower extremities increased and her gait became more and more difficult until, 
at the age of ii, six years after the onset of illness, she could no longer v;alk 
alone and was confined to a wheelchair. The disease had progressed so slowly 
that it was not until she was confined to a vffieelchair that she discovered that 
the trunk muscles were too weak to support her body in the upright position 
without the aid of the upper limbs. Because of the progressive wealmess in 
these trunk muscles and the increasing difficulty of supporting her body she 
became bedridden at the age of 14 years and was confined to her bed for the 
remaining 7 years of her life. 

In September 1929, at the age of 18 years, she suddenly lost the use of her 
entire right upper extremity with the exception of the fingers. The left upper 
limb remained normal so that she was still able to feed herself and perform 
ous tasks. However, even this extremity grew weaker, and by September 
1932 she was unable to use any of her four limbs. This was her final condition 
on Dec. 22, 1932, when she succumbed to an attack of pneumonia. 

Throughout her illness she was always happy and readily adjusted herself to 
her steadily progressing ailment. Mentally she remained bright to the vep- 
end. She read a great deal, her eyesight remaining fairly normal. Phys!C.all> 
(e.xclusive of this neurological condition) she was well, although her appeti c 
was poor and her development somewhat retarded. The menses were esta 
lished at the age of 15 years and continued regularly until the time 

The father, aged 57 years, and the mother, aged 52 years, arc both living anc^ 
well. The parents do not Imow of any member of either branch of the fami > 
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who had an illness resembling in any respect the affliction of their daughters. 
The patient had one brother, aged 23 years, who is living and very robust. 
However, her sister, aged 18 years, has had a similar affliction since the age 
of II years. The history of the sister will be given later. 

The most complete physical examination was performed in 1921 when the 
patient was 9 years old, four years after the onset of illness. 

The examination revealed a fairly well developed and well nourished 
white female child. Her face had a peculiar expression because she kept her 
moutli open and the front teeth protruded over the lower lip. Ears, nose and 
throat were normal. There was a slight enlargement of the posterior cervical 
glands. The lungs were normal. The heart was slightly enlarged to the left, 
with a faint blowing systolic murmur at the apex. The abdomen was nega- 
tive. The skin of the lower extremities was notably cooler than that of the 
rest of the body. The skin below tlie knees was thickened, dry, coarse and scaly. 
The spine was not tender but showed a marked scoliosis with a slight kyphosis. 
There was an extreme degree of hypotonia and muscular weakness, because 
of which the child sat and stood with the shoulders sagging and the head 
dropped forward. 

The urine was normal. The red cell count was 4,630,000, hemoglobin 71 
per cent, leukocytes 14,800 — polymorphonuclears 70 per cent, lymphocytes 
30 per cent. The Wassermann and von Pirquet tests were negative. Creatinin 
was 0.6 mg., sugar 96 mg., and urea nitrogen 12.07 mg. per 100 cc. of blood. 

Electrocardiographic examination revealed a right ventricular preponder- 
ance and diphasic second and third leads. Roentgen-ray examination of the 
skull showed no evidence of tumor or of increased intracranial pressure. Roent- 
gen-ray examination of the heart and lungs was also negative. 

Neurological Examinalion: The patient was well behaved and very coopera- 
tive in the examination. Pier memory and intellect were normal and she mani- 
fested an active interest in the various findings. Her vision was unimpaired, 
pupils reacted to light and accommodation, eyegrounds were normal, and there 
was no nystagmus. At intervals her speech became slow and somewhat scanned, 
but no stammering or hesitancy was apparent. All voluntary movements 
could be executed but were manifestly ataxic. Position and muscle sense, as 
weU as the superficial sensations, were absolutely normal in all their manifesta- 
tions. The deep reflexes were not elicited — biceps, triceps, supinator, knee 
jerks and ankle jerks. The Babmski test was negative, but the Romberg 
test was markedly positive. The child had an ataxic gait, walking with the 
legs far apart, advancing slowly and with difficulty, dragging her feet at each 
step and tending to walk on the outer aspect of one sole and the medial aspect 
of the other. Her feet were small and deformed, and showed a pes cavus. A 
general hypotonia was very evident. 

From the age of 9 years the patient had occasional examinations. The only 
change noted was a progressive advance of the motor paralysis. 

Case 2. Clinical Hisiory: The second case is that of L. C., 2 years younger 
than her sister A. C. The onset and progress of illness was very similar to that 
of her sister. 

L. C. was born normally at full term and was in good health during infancy. 
She developed normally and walked at an early age. Quite intelligent, she at- 
tended school regularly and soon learned to read and write. At the age of ii 
the first difficulty in walking appeared. (At this time A. C., her older sister, 
was 13 years old and had already completely lost the use of her lower limbs.) 
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This weakness in the lower extremities progressed slowly, her gait became more 
irregular and hesitating and she tired easily and often would have to sit down 
and rest. Nevertheless, she was able to walk alone easily. At the onset of her 
ailment her skin, like that of her sister, became coarse, scaly and thick. This 
ichthyosis was generalized, resisted all treatment and has persisted to the pres- 
ent time. She has never complained of pain. 

The earliest defect in the movements of the hands developed about one year 
after the onset of illness, at the age of 12 years. This started as tremors or oscil- 
lations which showed themselves toward the end of a voluntary movement, 
being most marked when she attempted some coarse action such as reaching 
for an object and grasping it. In addition to this tremor of the hands, she soon 
developed involuntary jerky movements like those of chorea in the muscles 
of the extremities and neck, the bead showing marked jerking movements when 
she attempted to speak. 

At the age of 13 years she finished grade school work, well up in her class, 
but because of the progressive weakness in her lower limbs she was unable to 
continue her education. She continued to walk for two more years until the age 
of 15, but her gait was becoming more and more difficult and finally, in 1930, 
her legs had become so weak that she could no longer walk alone. However, 
she could move the legs well when lying on her back. At about this time the 
first difficulty of speech was noticed. Her speech would at times become jerky 
and somewhat scanned. Occasionally, in talking, there would be a sort of 
hesitancy, then a series of words would succeed one another rapidly in an ex- 
plosive manner. 

During the last two years she has failed to develop physically and has re- 
mained small in stature. There has developed a marked pes cavus and an 
exaggerated curvature of the spine. The strength and usefulness of her upper 
limbs has been retained to the present time. The menses were established at 
the age of 15 years and have been regular since. Vision has been normal, 
although at times she complains of a slight blurring and diplopia. The lower 
extremities feel cold and often turn blue. At no time has there been any 
sphincter disturbances, although recently the child has complained of some 
urinary frequenc>^ 

She was examined thoroughly for the first time in 1928, at tlie age of 14 years, 
three years after the onset of illness. At that time the muscular development 
of the face and upper part of the body was good. The lungs and heart were 
normal on physical examination. Blood pressure was 92/52. The abdominal 
examination wns negative. The skin over the entire body was dry and scaly. 

The urine was normal. The red blood count was 3,900,000, hemoglobin 74 
per cent, white blood cells 3800 — polymorphonuclcars 50 per cent, lymphocyte 
48 per cent, monocytes 2 per cent. The Wassermann reaction was negative. 
The basal metabolic rate was -f 28. 

Neurological Examination: There was no impairment of vision. The pupils 
were equal and regular, reacting to light and accommodation. The fundi 
showed no changes. Hearing v/as normal and speech was characterized by its 
monotony', with the exception of occasional explosive expressions. Swallowing 
was unimpaired. There was a marked ataxia of the upper extremities; the 
biceps, triceps, supinator, knee jerks, and Achilles’ tendon reflexes were al^ 
absent; the joint sense in the hands and feel was, however, normal. 
was a marked reduction in vibration sense over the lower e.xtrcmitie.s. ilic 
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abdominal and skin reflexes were all present and unimpaired, and the muscle 
tonus was markedly diminished over the entire body. 

The last physical examination was performed by us in January, 1933. The 
findings will be given in more detail in order to make clear her present condi- 
tion, and the progress of the disease since the previous examination five years 
ago. 

The examination revealed a well nourished but imperfectly developed individ- 
ual. As she sat in her wheelchair one noticed an occasional oscillation of the 
head from side to side, and purposeless jerking movements of the upper ex- 
tremities. This was associated with a peculiar twitching and an exaggerated 
play of the facial muscles, especially while talking, which would spasmodically 
draw the lips upward into an empty grin. The skin over the entire body was 
coarse, thick and scaly. The mouth, teeth and tonsils were normal; no enlarged 
lymph nodes were palpable. The breasts were well developed. 

The pulse rate was 75 and normal in volume. The lungs and heart were 
normal. The abdomen was negative. The genitalia appeared normal externally. 

The sense of smell was unimpaired. Visual fields were normal, visual acuity 
good, ophthalmoscopic examination negative. There was a marked lateral 
nystagmus with the quick component in a direction opposite to the gaze. Her 
corneal reflexes were greatly reduced. Superficial sensation over the entire 
face was unaffected, and the motor fifth nerve also seemed normal. Her hear- 
ing appeared moderately reduced, but the test was somewhat unsatisfactory 
due to the lack of cooperation and the conditions under which the test was 
performed. Vestibular tests were not done. No difficulty in swallowing was 
apparent and both pulse and respiration were unaffected. She was able to pro- 
trude the tongue normally, with no impairment of its side to side motion. 

There was a slight generalized reduction in the size of the extremities, which 
appeared quite small in comparison with the trunk. A moderate contracture 
was present in the lower limbs, the lower leg being flexed on the thigh. The 
great toes were raised up clawlike bilaterally, with an extension of the meta- 
carpal-phalangeal joint and a flexion of the interphalangeal joints. The feet 
were small, deformed and somewhat shortened, with the sole of the foot hol- 
lowed, producing a typical pes cavus. There was an extreme flaccidity at the 
wrist and elbow joints, accompanied by a typical foot drop; however, the mus- 
cular strength of the arms and legs was well preserved. 

None of the deep reflexes was elicited even with enforcement, but the ab- 
dominal reflexes were present and normal. She had a bilateral positive Babinski 
and no clonus. All voluntarj’^ movements of the arms and legs could be e.xecuted 
although manifestl}'’ ataxic; it was impossible for the patient to touch with the 
index finger the tip of her nose or her other index finger even with the eyes open. 
She could not walk, her legs apparently being unable to support the weight of her 
body, but when sitting or lying there was no impairment of the movements 
in the lower limbs. 

The loss of position sense in both the upper and lower extremities was very 
striking since she could not distinguish, wiffi her eyes closed, even gross changes 
in the direction of her fingers and toes. The integrity of deep tendon and muscle 
sense was not disturbed. No definite impairment in the superficial sensibility 
was elicted, although the results of this test were somewhat unsatisfactory 
because of the marked coarseness of the skin and the lack of cooperation on the 
part of the patient. 
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On examination of her back one noticed the marked scoliosis with the con- 
vexity to the right in the thoracic region, and to the left in the lumbar region. 

Her speech was slow and somewhat scanned, but without hesitancy. There 
was no stammering, but often a hesitation before an answer, and then a series 
of words would succeed one another with an almost explosive rapidity. 

Discussion 

The clinical history of our two cases furnishes a typical picture of 
the symptomatology of Friedreich’s disease, which may be recapit- 
ulated as follows : A slowly progressive ataxia and weakness attack- 
ing two sisters, having its onset at the ages of 5 and ii years re- 
spectively, beginning in the legs and extending gradually to the 
trunk and arms, but associated with almost no pain. There was also 
a slow, drawling scanned speech, choreiform unsteadiness, nystag- 
mus, scoliosis, peculiar deformity of the feet (pes cavus), and aboli- 
tion of the deep reflexes. To these we can add the negative findings of 
absence of pain, integrity of cutaneous sensation, integrity of sight, 
absence of genito-urinary troubles — the sphincter control being 
normal — and no luetic antecedents in the family. To complete the 
discussion of the clinical picture of Friedreich’s ataxia a brief refer- 
ence should be made to the literature since 1926 and to a few of the 
less frequent findings, such as occurred in our cases. About 25 cases 
that can be classified as Friedreich’s ataxia have been reported 
since 1926. 

In summarizing these cases the frequency of the most common 
findings was as follows: ataxia 100 per cent, loss or dimim'shcd deep 
reflexes 96 per cent, foot defonnity 76 per cent, nystagmus 60 per 
cent, speech defect 60 per cent, spine deformity 56 per cent, positive 
Babinski 48 per cent, impaired deep sensation 36 per cent, impaired 
superficial sensation 12 per cent, muscle atrophy 16 per cent, and 
mental disturbances 4 per cent. Only one reference could be found 
in the literature to an accompanying ichthyosis which was so marked 
in botli of our cases. Muscular atrophy was noticed only in our first 
case and as a rule is infrequent in this condition. The significant 
and interpretation of this atrophy will be brought out pre.scntly in 
the discussion of the pathological findings. 

Because of the infrequence of detailed pathological studies in 
Friedreich’s ataxia a careful report of our autopsy findings should be 
of interest. 
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Pathological Phport 

The autopsy showed an imperfectly developed and poorly nour- 
ished white female 143 cm. long, and weighing about 70 pounds. 
There was a marked scoliosis with the convexity to the right in the 
tlioracic region, and to the left in the lumbar region. Both feet 
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showed a pes cavus. Each extremity measured 73 cm. from the 
anterior superior spine to the external malleolus. The left calf was 
22 cm. in circumference, the right 20 cm. The left middle thigh 
measured 29 cm., the right 27.5 cm.; the left middle arm 18.5 cm., 
the right 17.5 cm. The muscles of the abdomen were fairly well 
developed. 
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The peritoneal cavity was normal. The diaphragm was at the level 
of the fourth interspace on the right, and the fifth rib on the left. 
The pleural cavities and pericardial sac were normal. The heart, 
root of the aorta and coronary arteries were normal. 

The right lung weighed 250 gm., and its lower and middle lobes 
contained patchy areas of bronchopneumonia. The left lung 
weighed 150 gm. and was normal both externally and on section. 
Neither lung contained carbon pigmentation, bearing strong evi- 
dence of the indoor life of the patient. 

The spleen, liver, kidneys and pancreas were all normal. 

The muscles generally appeared fairly normal, with the exception 
of those in the lower extremities, which were largely replaced by adi- 
pose tissue. Microscopic examination of the atrophic muscles re- 
vealed a widespread but patchy degeneration of muscle T\ith replace- 
ment by adipose tissue. In the persistent muscle bundles there were 
scattered groups of atrophic fibers in which the sarcoplasm had par- 
tially or completely disappeared. The sarcolemma shrinks to fit the 
reduced sarcoplasm but the muscle nuclei persist. 

A striking change was found in the small intramuscular nerves. 
Almost aU of these nerves showed a marked proliferation of the 
Schwann cells with replacement of nerv’-e fibers, giving the nerve a 
sclerotic appearance. The structure of the nerves will be described 
more fully in a subsequent paragraph. 

The entire spinal cord and many of the peripheral nerves were 
removed for further study. On gross examination the entire spinal 
cord was unusually small, appearing about one-half the normal size. 
The dura mater and the pia arachnoid were normal. 

Sections were taken from various levels of the cord and stained 
in the foUomng ways: hematoxylin-eosin, Weigert’s myelin sheath 
stain, iron hematoxj^lin-Van Gieson, Nissl’s method, azocarmine and 
Bielschowsky’s stain. 

The cervncal cord presented the most marked changes. With the 
Wcigert stain almost complete demyelinization was noted in the 
columns of Goll and Burdach, the lateral and ventral corticospinal 
tracts (crossed and direct pyramidal), and in the dorsal spinocere- 
bellar tract (Fig. i). The gray matter also presented a few altera- 
tions. The anterior horn cells were diminished in number, although 
none of them showed chromatolysis. No cells were visible in the pos- 
terior horns, v.’hich appeared somewhat vacuolated and contained a 
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number of dilated blood vessels. With the hematoxylin-eosin and 
the iron-hematoxylin-Van Gieson stains the cervical cord showed a 
moderate gliosis in the middle zone of the posterior and lateral 
columns. 

The anterior columns were intact. The anterior rootlets were es- 
sentially normal. The myelin sheaths of the posterior rootlets were 
completely degenerated, while their axis cylinders were, for the most 
part, swollen or entirely absent. There was a marked Schwannian 
proliferation replacing many of the degenerated rootlet fibers. 

No signs of inflammation were apparent. There was no cellular 
infiltration into the cord or around the blood vessels. The blood 
vessels themselves appeared nonnal. 

In the midthoracic cord the changes were the same as in the cer- 
vical, except that demyelinization was not so pronounced in the 
pyramidal tracts. The anterior horn cells appeared normal both in 
number and in structure. An occasional shrunken nerve cell without 
a visible nucleus was found in the posterior horn. The cells of Clark’s 
column were diminished in number, only a few appearing in the 
section. They were shrunken and irregular, the Nissl bodies were 
clumped, the nuclei, when present, were eccentrically placed (Fig. 3). 
There was only a minimal amount of gliosis present in the posterior 
and lateral columns. 

The posterior rootlets were more involved than in the higher cord 
levels. They showed a marked destruction of both the myelin sheath 
and the axis clyinder, with a proliferation of the Schwann cells. In 
spite of the almost complete destruction of many posterior rootlets, 
a few areas were found with intact fibers. These persistent fibers 
probably accounted for the fact that some of the patient’s superficial 
and deep sensations were intact. The anterior rootlets were un- 
affected. 

The arteries around the cord were normal. 

In the lumbar cord the posterior columns and the dorsal spino- 
cerebellar tracts were still completely degenerated (Fig. 2). The 
crossed pyramidal tract, due to its actual decrease in size, appeared 
less prominent at this level. There was no sclerosis present. The 
anterior horn cells and the anterior rootlets were unaffected. Only a 
few intact fibers were found in the posterior rootlets (Fig. 2). 

Some striking changes were found microscopically in the periph- 
eral nerves. Only those of the extremities were removed for study 



122 


BAKER 


and, since the alterations in all were essentially the same, a detailed 
description of the changes in the sciatic nerve alone will be given. 

With the Weigert’s stain there appeared a patchy degeneration 
throughout the proximal part of the nerve (Fig. 4). In the distal 
portion, besides a similar patchy demyelinization, many of the nerve 
fibers showed a marked uniform swelling of their myelin sheaths. 
The axis cylinders were, as a rule, weU preserved but in some re- 
gions, especially in sections taken from the distal segments of the 
nerve, they were somewhat swollen and often entirely absent 
(Fig- 4)- 

Another conspicuous feature in aU the sections studied was the 
overgrowth of Schwann cells (Fig. 4). This proliferation was irreg- 
ular and the manner of its distribution varied, even within a single 
section. In some funiculi this cellular overgrowth was limited to 
single or multiple well defined areas (Fig. 4), while in others it oc- 
curred as a diffuse proliferation which only partly replaced the nerve 
elements. In some areas, however, this Schwann cell proliferation 
was so marked that entire nerve bundles were replaced by large 
groups of cells and dense masses of fibrous tissue. 

In the pathological reports found in the literature and well re- 
viewed by Barrett, the most common lesions were a diminution in the 
size of the spinal cord, sclerosis of the posterior columns and degener- 
ation of Clark’s cells. Often a degeneration of the dorsal spinocere- 
bellar tract occurred and less frequently a partial involvement of the 
crossed pyramidal tracts and posterior rootlets. Only rarely was 
there any mention of changes in the peripheral nerves. This may be 
due either to the absence of lesions or to the fact that the nerves were 
not examined at postmortem. Since Barrett’s publication there have 
apparently been no autopsy reports on cases of Friedreich’s ataxia, 
although there have been numerous cHnical reports. 

Friedreich himself called this complex hereditary ataxia. How- 
ever, since his time it has generally been stated that Friedreicli s 
ataxia is a familial but not a hercditaiy disease, appearing in families, 
usually involving a few members, but in many instances affecting a 
single individual. Indeed, from our histories it v/ould seem that this 
was true, for there was no suggestion of a hereditary tendency in our 
two cases. But Friedreich’s ataxia has been detected in several gen- 
erations of a family as reported by Orban, and others. 'Ihcse cases, 
although few in number, at least suggest a tendency to direct in- 
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heritance in this condition. Alpers and Waggoner have probably 
truly stated the situation when they write that Friedreich’s ataxia 
is a “hereditary disease which often seems to appear sporadically in 
families, involving either a single or many members in the group,” 

Summary 

1. Two tj^ical cases of Friedreich’s ataxia are presented, appear- 
ing in two sisters and presenting almost identical s3miptomatology. 

2. A detailed postmortem report is given of one of the cases, with 
special emphasis on the histological changes in the peripheral nerves. 

3. A brief summary is given of the literature since 1926. 
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DESCRIPTION OF PLATE 

Plate 50 

Fig. I. Section through the cervical cord. Weigert’s myelin sheath stain. 
Note the destruction of the posterior and lateral columns. 

Fig. 2. Section through the lumbar cord. Weigert’s myelin sheath stain. 
There is a degeneration of the posterior columns and of the dorsal spino- 
cerebellar tracts. Note the marked destruction of the posterior rootlets as 
compared to the anterior. 

Fig. 3. Section through Clark’s coliunn in the midthoracic cord. There is a 
marked shrinking and irregularity of the cells as well as a reduction in 
their number. 

Fig. 4. Section of the sciatic nerve. Iron hemato.xylin-Van Gieson stain. Note 
the striking overgrowth of Schwann cells replacing the nerve fibers. 

















PRIMARY NEUROGENIC SARCOMA OF THE BLADDER IN 
AN INFANT 1 MONTH OF AGE * 

Daniel F. Harvey, M.D., and Robert Tennant, M.D. 

{From the Department of Pathology, Yale University School of Medicine, 

F!ev) Haven, Conn.) 


The patient, a white female, i month of age, was admitted to the 
New Haven Hospital on July 7, 1932, gravely ill and in a condition of 
extreme malnutrition. The child was born in the hospital on June 7, 
1932, after a protracted and difficult labor in which the mother’s 
cervix was dilated by means of a Voorhees’ bag and the delivery 
effected by breech extraction 24 hours after the onset of labor. The 
cliild cried spontaneously but because of cyanosis and partial pul- 
monary atelectasis carbon dioxide and oxygen were administered at 
intervals for 2 days. The physical examination at birth revealed a 
normal infant weighing 2810 gm. When feedings were started the 
cliild experienced some vomiting and diarrhea, but otherwise pro- 
gressed favorably during the 10 days she remained in the hospital. 
Because of the mother’s lack of intelligence little could be learned 
of the infant’s condition prior to its return on July 7th. At this time 
the mother brought the child to the hospital after friends had called 
attention to its poorly nourished state. Physical examination re- 
vealed an extremely cachectic and acutely and gravely ill infant who 
weighed but 2330 gm. The temperature was unobtainable since it 
was below 34° C. The abdomen was scaphoid and soft. A firm, 
symmetrical, non-tender mass, which arose from the pelvis and 
extended halfway to the umbilicus in the midline was readily pal- 
pable. It was thought to be the distended bladder. 

Immediately upon arrival at the hospital the child was given sup- 
portive treatment to combat the marked dehydration, but death 
occurred 18 hours after admission. 

Postmortem Findings 

The body was that of a well developed but poorly nourished female 
infant weighing 2350 gm. The skin over the body was thin, loose and 

* Received for publication August' 16, i933- 
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inelastic but everywhere intact. There were no nodules, zones of pig- 
mentation or nevi present in the skin. 

The only significant changes in the viscera were confined to the 
genlto-urinary tract (Fig. i). When the peritoneal cavity was 
opened a firm, pale, ovoid mass, which extended 4 cm. above the 
symphysis pubis in the midline, was seen. This was the greatly en- 
larged and thickened urinary bladder, which measured 4 by 2 by 
2 cm., and presented a uniformly smooth, even, external surface. 

When the bladder was opened its wall was found to be thickened 
by dense masses of pale, translucent tissue that diffusely infiltrated 
the submucosa and extended haphazardly into the muscularis. The 
tumor masses appeared to be made up of pale yellow fibrils arranged 
in a whorl-like fashion. The wall of the bladder was irregularly 
thickened; the most extensively involved portions reached a diame- 
ter of 1.5 cm., while the less involved measured 0.5 cm. The mucosa 
of the bladder was everywhere intact and pale in appearance. In tlie 
thicker portions the tumor masses bulged into the lumen of the 
bladder and rendered its inner surface irregular in contour and 
greatly decreased its capacity. The greatest involvement was in the 
region of the trigone where the tumor masses impinged upon the 
ureteral orifices and produced a bilateral hydro-ureter and hydro- 
nephrosis. In this region the tumor had extended through the wall 
of the bladder to invade the vesicovaginal connective tissue and the 
outer layers of the cervical uterine wall. This extension did not alter 
the contour of the uterus or vagina, nor did it encroach upon the 
lumen of the urethra. The rectum was entirely free from invasion. 


Microscopic Exa^hnation 

The epithelium of the bladder is intact, but in many places it is 
raised in irregular fashion by masses of neoplastic tissue that m- 
filtrate the submucosa extensively. The tumor tissue invades the 
muscularis and in several zones has reached the external surface of 
the bladder. The neoplasm is principally composed of bundles of 
fine pink-staining fibrils, throughout which are interspersed elon- 
gated fusiform cells with blue-stained oval nuclei. Clustered about 
these bundles are masses of cells with scant cytoplasm and large blue 
vesicular nuclei that contain a distinct chromatin network. 1 hese 
cells vary in size and shape. Many arc round, oUiers pyriform, anc 
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frequently fibrillary processes appear to extend from them into the 
bundles. Occasionally small groups of these cells tend to simulate an 
acinar-like arrangement. Rarely cells are seen in a state of karyo- 
kinetic division. Distributed throughout the tumor are small num- 
bers of large p3n:amidal cells with a dense homogeneous violet cyto- 
plasm and large vesicular nuclei, in each of which a distinct central 
nucleolus is visible. Frequently these cells are multinucleated. In 
other portions the tumor is composed of smaller bundles of closely 
packed fusiform cells which present a wavy appearance. Usually 
associated with these are numerous ball-like structures made up of a 
central pink-stained fibrillar mass surrounded by one or more layers 
of spindle-shaped cells with pale blue oval nuclei. Frequently the 
fibrillary processes appear to extend from these cells into the central 
core. 

In Mallory aniline blue preparations a distinct network of fine col- 
lagenous fibers permeates the tumor tissue and surrounds the various 
components which stain bright pink to violet. 

Pal-Weigert myelin sheath stains demonstrate occasional myelin- 
ated nerve fibrils scattered throughout the neoplasm. 

Discussion 

The diagnosis of neurogenic sarcoma, in this case, is based on the 
presence of fibrillary structures associated with clusters of primitive 
cells and fragments of myelinated nerve fibrils which invade the wall 
of the bladder extensively. The masses of undifferentiated cells in- 
termingled in bundles of fibrils, together with the large pyramidal 
cells and the ball-like structures, are features of the tumor that 
strikingly resemble the neoplasms described by Wright,^ Pick,^ Wol- 
bach and Morse® and others, under the name of neurocytoma or neu- 
roblastoma sympathicum. The presence of myeUnated nerve fibrils, 
however, rather suggests the assumption that this tumor may not 
be derived from sympathetic nervous tissue elements. Furthermore, 
the scant amount of myelin present in the neoplasm may be due 
either to the embryonal nature of the tissue or to the fact that at the 
age of the patient myelin may not be formed. A source of origin of 
the neoplasm is readily accounted for in that the wall of the bladder 
has a rich plexus of myelinated nerve fibers derived from the lower 
sacral segments of the spinal cord. Although mah'gnant tumors 
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arising from nervous tissue elements are known to develop in tke 
adrenals and the retroperitoneal tissue of infants, the occurrence of 
such tumors primary in the wall of the urinary bladder has not been 
reported. 

The rarity of primary neoplasms of the bladder in infancy is 
clearly brought out in Deming’s review of the subject,^ where only 
four instances are recorded in children under i year of age. Three of 
these were fibrosarcomas,. -^the fourth a polyp. The only types of 
bladder neoplasms of nervous tissue origin so far reported are neu- 
rofibromas ° associated with generalized von Recklinghausen’s 
disease. 


Summary 

A case of neurogenic sarcoma arising in the wall of the bladder 
of an infant i month old is reported. This tumor resembles the 
group of neoplasms classed as neurocytomas, or neuroblastoma 
sympathicum. 
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PUiTE 51 

Fig. I. Bladder opened anteriorly to show main tumor mass bulging into tn- 
gone, with thickening of wall and associated bilateral hydro-ureter. 
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Plate 52 

Fig. 2. Tumor in submucosa of bladder wall showing bundles of fibrils and 
clusters of small undifferentiated cells. Hemato.\ylin and eosin stain. 
X 80, 

Fig. 3. Large pyramidal cells and masses of small undifferentiated cells inter- 
mingled with fibrils. Hematoxylin and eosin stain, x 225. 
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Plate 53 

Fig. 4. Ball-like structures with surrounding fibrillar bundles. Hematoxylin 
and eosin stain, x 125. 

Fig. 5. Myelinated nerve fibrils in tumor mass. Pal-Weigert myelin sheath 
stain. X 150. 
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THROiVIBOSIS AND PULMONARY EMBOLISM * 

T. H. Belt, M.D. 

{From the Bcparlmcnl of Pathology, University of Toronto, and Toronto General 

Hospital y Toro7itOy Canada) 

Observations made upon a comprehensive series of autopsy cases 
from the servdees of a general hospital impress one with the fact that 
pulmonary embolism is a much commoner occurrence than it is or- 
dinarily considered to be. Usually regarded as a postoperative com- 
plication of relatively rare occurrence it proves, on the contrary, to 
be a common autopsy finding, more often associated with medical 
than with surgical cases. The frequency with which it may be 
uncovered at autopsy is surprisingly high, as many pathologists 
have already pointed out (Lubarsch,^ Fahr,^ Henderson,® Singer,^ 
Wertheimer,® Dietrich,® Benda, ^ Ceelen,® Axhausen,® Putnoky and 
Farkas ^®). On our own service, under the direction of Prof. Oskar 
Klotz, we have demonstrated pulmonary emboli in about lo per 
cent of our routine autopsies and our observations have prompted 
this communication in the hope of drawing further attention to the 
seriousness of the problem, and in order to indicate some factors 
that seem of etiological significance. 

The term pulmonary embolus is used here in a restricted sense, 
referring only to a wandering ante mortem blood clot of a size appre- 
ciable to the naked eye, lodged within the pulmonary arterial system 
or the right heart. It is impossible, as Dietrich ® observes, to make a 
sharp distinction between infected and non-infected emboli. One 
can, however, make a rough but serviceable distinction on other 
than bacteriological examination between bland and septic emboh', 
and it is our purpose here to consider only those cases in which the 
emboli seemed of a bland character and did not arise from suppura- 
tive foci. 

The frequency with which pulmonary emboli are found at autopsy 
depends to a great extent upon the vigilance and technique of the 
observer. There is, perhaps, no other autopsy finding which is more 
readily passed over. Unless the personnel of an autopsy service has 

* Received for publication August lo, 1933. 
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Table I 

Autopsy Coses of Chronic, Congestive Heart Failure suith Pulmonary Embolism {Group i) 




*0*23 
*rt o g 

CJ 

t-f 

rt 

OT 

.E 

t/3 

-£ 

to 

t-> JS 

*S cO= 

u-< 

*a 

"S 


«S o c 
r-r'w o 

0 

> 

> 

tU4 

0 - 5 ; ic 

to 

0 

0 

0 

073 

I 

c/3 

0 

c« 

0 

a 


'o 

.E 

’C 

.E 

S 

0 


W 



W 


'n 

► S -*-» -w ^ 

.sl.s § § § 

> ^ ^ ^ ‘ 


0 l.y S 

^ O Ci ^ S CJ 

^ *-t ij > o ' 


otp'g totofcjoto^ tn'^ o we w 




+ + + + + 


•S 1 ? £> 

E S £ 2 

cj c; o c 

S S S c 3 


o o pi Pi; c^o ef2piuuuJ:2cjai 


. *1— Cl— I li^b_4 Wi— Cl— CW^I— *f— (t— ( k— (U-lfc- - 


CO « CO »c o o '•o *-» ’O o M »- rnce ^ o a CO o o 

-r to w -r 1^ ^c -t- ro -r x«- to n to o to o o f'«* o to -o 


o a. »- 
-r o 
#o to ?o 


•r^fotoo r-<fOt- *^0 *t co p looco*^ H 
*«, M -t-o o •r*r*o»- •ri-o ^ * * *^ *^ ll L* J7 

^ *-» I- fi f< fO to to "t* »-•*-»►- 


C* 3^3 



Table II 

Autopsy Cases of Pulmonary Embolism in Cachectic or Debilitated Individuals with Various Fatal Diseases (Group z) 
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its attention especially directed to the problem there are bound to 
be many instances of pulmonary embolism that are not detected. 
Statistical studies of the autopsy incidence of pulmonary embohsm, 
such as that undertaken by Rosenthal, are therefore open to criti- 
cism on the grounds that figures from some clinics are much more 
carefully compiled than others. In another article ^ we have de- 
scribed at some length the special care that must be taken in order 
not to miss thromboses and emboh at postmortem examinations. 
Much has been written in recent years purporting to show an in- 
crease in the incidence of pulmonary embolism since the World War 
(see the reviews of Ceelen,^ Dietrich,® RosenthaD^), but that such 
an increase may not be due to more careful autopsy examinations 
is open to question. To distinguish between embolus and autoch- 
thonous thrombus in the pulmonary arteries often presents difiicul- 
ties, as has been indicated elsewhere.^^ Doubtful cases are, however, 
excluded from our series. 

Our observations were made upon a series of 567 complete autop- 
sies on adults during an eighteen month period ending April, 1933- 
In the series were 56 cases of pulmonary embolism. Thirty-seven of 
these showed emboli of sufiicient bulk to occlude two thirds or more 
of the pulmonary circulation, and were therefore regarded as the 
immediate cause of death (Dietrich®). In the other 19 cases the 
emboli were small and of a non-fatal character. Medical cases pre- 
dominated over surgical in the ratio of 40 to 16. In all but one or two 
cases there were multiple emboli, illustrating a fact, which we have 
previously emphasized, that pulmonary embolism is, as a rule, not 
a single but a recurrent event, vnth repeated migrations of blood clot 
over a period of hours or days, leading up to a fatal termination in 
the event of two-thirds or more of the pulmonary circulation be- 
coming occluded. Ljungdahl described pulmonary embolism as 
being sometimes of a chronic nature. 

A striking feature was the infrequency with which venous throm- 
bosis Avas recognizable clinically. Probably as high as 60 per cent of 
the emboli arose from clotted leg veins (see Tables I, H and III)? 
vessels relatively easy to e.xamine and easy enough of detection Avhcn 
they arc painful, yet the majorit}' came to autopsy without recogni- 
tion of the primary thrombosis during life. Three prcsenlcfl clinical 
thrombophlebitis with edema of one leg, and tender, indurated veiris. 
Two more had gangrene of the loAvcr extremities (due to artcria 
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Cases of Sudden Death from Massive Pulmonary Embolism in Convalescent Individuals {Group f) 
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occlusion) and presented extensive venous thrombosis. Five addi- 
tional cases were known to have varicose veins of the legs, but in 
no case were the varices tender nor did they show signs of active 
thrombophlebitis. 

Of the 5 cases presenting evidence of active thrombophlebitis of 
the legs only i suffered a fatal embolism; the other 4 had but small 
emboli. As a general rule, the greater the local reaction accompany- 
ing a venous thrombosis the less the likelihood of large emboli break- 
ing off. If, in and around a vein, there is an inflammatory reaction of 
sufficient intensity to create local manifestations the thrombus is 
likely to be securely attached to the vessel waU and only small masses 
are capable of dislodgement. 

In the majority the thrombus was of the so-called spontaneous 
variety, developing without local signs. Four times out of five the 
resultant emboli were of a fatal character. Often enough it was im- 
possible to determine the site of the parent thrombus, sometimes 
because it was not permitted to make a free dissection of the veins, 
sometimes because the entire thrombus had evidently migrated from 
its point of origin leaving no trace. In 8 cases the emboli closely re- 
sembled casts of femoral or saphenous veins but these vessels were 
found to be empty and apparently unaltered. Sixteen cases of spon- 
taneous thrombosis with embolism showed remnants of thrombus in 
veins of the thigh. Six times the remnant was l3dng free in the vessel, 
ten times it was adherent to the intima and extended peripheral- 
wards in one or more small tributaries. Similar adherent remnants 
were found three times in the internal iliac vein. Microscopic ex- 
amination of these adherent thrombi showed no significant inflam- 
matory reaction in the vein wall. The clot was made up of a 
compact platelet coagulum and was blended with the intima by a 
bland hyaline substance. 

For purposes of further analysis our 56 cases fall into three fairly 
well defined clinical groups. The first and largest is the “heart 
failure” group in which 25 cases are found (Table I). All of these in- 
di^^duals were in a state of chronic invalidism from congestive 
myocardial failure, actual or impending. Tv/elvc had coronarj'’ dl.s- 
casc, 9 rheumatic heart disease, 2 h>T)ertcnsive heart failure, i .syph- 
ilitic aortitis and i pericarditis. Their ages varied from 18 to 77 
years, with an average of 53. In onl^- 5 of this group was there 
clinical evidence of venous thrombosis. The sites of thrombus 
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formation, as determined at autopsy, were as follows: leg veins 8, 
leg veins and right heart 4, right heart alone 5, prostatic veins 2, 
brachial and jugular veins each i, not determined 4. In 15 cases the 
emboli were of a fatal character. All of this group except 2 showed 
infarcts of the lungs. In many instances the infarcts were of varying 
ages, indicating repeated emboli. 

The second group comprises 16 cases, all of which were cachectic 
or debilitated with some incurable disease (Table II). Nine had 
inoperable malignant tumors. In 6 the emboh were large enough to 
cause death. The sites of thrombosis were : leg veins 6, femoral alone 
3, iliacs alone 2, inferior vena cava i, pelvic veins (prostatic, internal 
iliac, ovarian) 3. Three had infarcts of the lungs, ii more showed 
pathological changes in the heart, so that 14 may be regarded as 
cases with impaired cardiac function. Two additional cases in the 
group, A-91-33 and A-132-33, had the inferior vena cava com- 
pressed by an intra-abdominal tumor. The emboh in each case 
arose from thrombi formed below the point of compression. 

The third group comprises cases of sudden death from massive 
pulmonary emboli occurring in convalescent individuals who other- 
wise had a normal expectancy of life. Major interest attaches to 
these cases because of their dramatic chnical aspect. Fifteen cases 
fell into this group (Table III), ii of them surgical and 4 medical. 
Six of the surgical cases foUowed laparatomies, 3 fractured femurs, 

I injection of varicose veins and i transurethral prostatectomy. The 
medical cases were made up as follows; 2 convalescent from lobar 
pneumonia, i recovering from infective arthritis and i pernicious 
anemia case in a phase of remission. The age variation in this group 
was from 39 to 76, with an average of 59. Three cases were known to 
have varicose veins of the legs, but in the other 12 there was no clini- 
cal evidence of venous thrombosis. Five of the 1 5 cases were diag- 
nosed as embolism clinically. At autopsy venous thromboses were 
found in the following sites : leg veins 6, femoral alone 2, inferior vena 
cavS I, internal iliac i. In 5 cases no thromboses were found. Six had 
infarcts of the lungs, a finding of twofold significance indicative 
firstly of repeated emboli occurring hours or days before the fatal 
issue, and secondly, affording evidence of impaired myocardial func- 
tion to be considered more fully presently. In an additional 4 cases 
there was both clinical and pathological evidence of a damaged 
myocardium, 2 showing fatty infiltration, i fatty degeneration and 
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1 coronary disease. Thus, of 15 cases of sudden death from massive 
pulmonary emboli, 10 presented evidence of an impaired heart 
action. 

Thirty-two out of 56 cases of pulmonary embolism had hemor- 
rhagic, bland infarcts of the lungs. As has been shown by Karsner 
and Ash,^^ occlusion of a pulmonary artery is not productive of in- 
farct unless the venous return from the lungs is irnpeded. Such an 
impediment may be brought about by compression or thrombosis of 
the pulmonary veins or by stenosis or insufficiency of the mitral 
valve. In our cases we were able to exclude, with reasonable cer- 
tainty, obstruction to the pulmonary veins and were therefore 
obliged to account for the infarction on the grounds of inadequacy 
of the mitral valve. In 8 cases there was definite mitral stenosis and 
macroscopic evidence of chronic passive congestion (brown indura- 
tion), but in the other 24 there was no demonstrable lesion of the 
mitral valve, save, in some instances, a moderate dilatation of the 
valve ring. A mitral systolic murmur had been noted clinically in a 
number of these cases. 

The high correlation between heart failure and pulmonary embo- 
lism led to a consideration of all the cases of congestive heart failure 
in the series of 567 autopsies. There were 83 such cases. As we have 
seen, 25 of these had pulmonary emboli. An additional ii cases 
showed thrombi capable of giving rise to pulmonary emboli; 7 had 
thromboses of leg or pelvic veins, and 4 mural thrombus of right 
auricle. Thus, out of 83 cases of congestive heart failure 36 had 
thromboses on the venous side of the circulation. In 20 of these cases 
the thrombosis occurred in leg or pelvic veins, and was discovered 
only at autopsy; there were no local manifestations during fife and 
the microscopic examination of representative examples showed 
nothing more than a few lymphocytes as evidence of inflammatory 
reaction in the wall of the veins. In all probability there was a higher 
incidence of venous thrombosis in this group of cases than could be 
uncovered at autopsy. It is impossible to examine all the veins in the 
course of a routine autopsy and consequently it is impos.sible to 
determine the incidence of venous thrombosis accurately. 

To summarize, 25 of the 56 cases were invalided with myocardial 
insufficiency, and 24 more presented evidence of a di.sordcrcd heart 
with either infarcts of the lung.s, or pathological changc.s in the heart 
(Tables II and III), or both; one aise had a histor>' of auricular 
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fibrillation up to the time of death but showed no demonstrable 
lesion. Thus^ 47^ or 84 per cent, may be regarded as having had 
impairment of cardiac function. Of this observation we shall have 
more to say later. 

The main problem arising in connection with pulmonary embolism 
is the etiology of spontaneous venous thrombosis. Though our 
knowledge in this direction leaves much to be desired there are, with- 
out going into controversial points, several well established factors 
known to favor the process. Virchow emphasized the importance 
of slowing of the blood stream as a factor predisposing to znira viiam 
coagulation of blood. Cohnheim,^® and Ribbert^^’^® showed that 
injury to the lining of a blood vessel afforded a localizing in- 
fluence favorable, if not essential, to the development of thrombus. 
Aschoff determined a further condition, namely eddying of 
the blood stream, as propitious for the la5nng down of thrombus. 
Hueck,^^ and Dawbarn, Earlam and Evans showed that an in- 
crease in the blood platelets s5mchronizes postoperatively with the 
period during which thrombosis is to be feared. There is now general 
agreement that two or more of these factors must operate in conjunc- 
tion to be effectual; acting singly they are unproductive of thrombus. 
Besides these points it is common knowledge that thrombosis occurs 
with greater frequency beyond middle life than before, that it is 
prone to take place in the wake of operations, childbirth and acute 
infections. 

From the present study it seems warrantable to emphasize another 
general principle concerning the occurrence of thrombosis, a princi- 
ple that has received only casual attention in the literature, namely, 
that so-called spontaneous venous thrombosis has a high incidence in 
cases of actual or impending congestive heart failure. Virchow drew 
attention to a type of thrombus that developed in cachectic individ- 
uals, due, he thought, to a sluggish circulation, and he called it 
marantic thrombus. Welch published a paper, “Venous Throm- 
bosis as a Complication of Cardiac Disease.” He reported 4 cases of 
his own and collected 23 more from the literature. Nearly all pre- 
sented thrombophlebitis of the upper extremities with definite clini- 
cal manifestations. He was inclined to regard it as a relatively rare 
complication of heart disease, but it must be remembered he was 
dealing only with cases in which the thromboses had attracted atten- 
tion during life, whereas in the majority of our own cases the thrombi 
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were incidental autopsy findings. Axhausen ^ found 270 instances 
of venous thrombosis in 1472 autopsies on cases of heart disease. 
Rosenthal reported 94 instances of thrombosis in 149 autopsy 
cases of “cardiac decompensation/’ but did not indicate the nature 
or location of the thromboses, whether in heart, arteries or veins. 
Oberndorfer observed that out of 97 medical cases dying of pulmo- 
nary embolism 64 were ill with cardiovascular disease at the time 
of the fatal seizure. He also is indefinite as to the nature of the 
cardiovascular lesions and their relation to venous thrombosis. 
Bauer says 95 out of 100 cases of postoperative thrombosis and 
embolism observed by him had hearts that were not normal. He be- 
lieves an impairment of cardiac function to be an important factor in 
the etiology of venous thrombosis, but does not discuss the nature of 
the cardiac abnormalities or their relation to thrombosis. Ophuls and 
Dobson report cardiovascular disease in 52 per cent of cases of 
thrombosis and embolism, but again details are lacking. Putnoky 
and Farkas foimd approximately 90 per cent of 91 cases of pul- 
monary embolism had cardiovascular disease and a large number 
showed fatty degeneration of the myocardium. 

Our own figures show 36 instances of venous thrombosis in 83 
autopsy cases of congestive heart failure and 49 instances of impaired 
cardiac function in 56 autopsy cases of pulmonary embolism. The 
dangerous type of venous thrombosis is that which develops without 
local signs and without demonstrable inflammation in the wall of the 
vein, and this type was observed 20 out of 83 times in association 
with chronic passive congestion of viscera, or anasarca, or both, due 
to heart failure. The same type of thrombosis was found 25 times in 
the other 484 autopsies of the series. Of these latter 25 cases, "which 
constitute the bulk of Groups 2 and 3, 18 had evidence of cardiac 
inadequacy (see Tables H and III), though this was not the main 
cause of death. Thus in 46 cases of spontaneous venous thrombosis 
(with fatal embolus in 27) 20 were cardiac invaflds and 18 more 
showed anatomical or functional changes in the heart. 

I\fliat is the relation of cardiac incompetence to the development 
of venous thrombosis? To our knowledge this relation has never been 
defined beyond the general assumption that the circulation is .slowed 
up. But what definite evidence is there that the velocity of flov.’ in 
the veins is decreased when the function of the heart is impaired? 1 o 
this question the work of Blumgart and Weiss provides a definite 
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answer. These authors have shown that tlie circulation time is ap- 
preciably prolonged in cases of cardiac insufficiency, that the velocity 
of flow from peripheral veins to the right heart is definitely slower 
than in normal individuals, and that tlie venous pressure is increased. 
The obsers^ations of Blumgart and Weiss make it possible to postu- 
late a slackened venous blood flow as a factor present in most of our 
cases of pulmonary embolism. 

That the leg veins are the commonest site of thrombosis points 
still further to stasis as an important factor in the development of 
thrombosis. As Aschoff has pointed out, the veins of the lower ex- 
tremities arc the first to suffer a retardation of flow when the general 
circulation lags, parti}’- because of the long column of blood in these 
vessels, partly because they may be compressed by Poupart’s liga- 
ment, or in the case of tlie left common iliac vein, by the iliac artery. 
Other factors that tend to produce venous stasis in the lower extremi- 
ties are increased intra-abdominal tension and immobilization of 
abdomen and legs. Of all operative procedures, incision through the 
anterior abdominal wall is the commonest to be complicated by pul- 
monary embolism. There were 6 instances of this complication in our 
series. Following laparatomy conditions are especially favorable for 
the development of thrombus in the leg or pelvic veins, probably 
because tlie venous return from the lower extremities is slowed up as 
the result of inertia of the abdominal musculature. The flow of blood 
up the inferior vena cava is retarded through diminution of the mas- 
saging effect of normal respiratory movements within the abdomen. 
If, in addition, the heart be embarrassed (as it was in 4 of our 6 
cases), the venous return is still further retarded and stasis, then, un- 
questionably plays a major role. Fracture of the femur, which is not 
infrequently associated with pulmonary embolism (McCartney ^ 9 ), 
also has the efi'ect of rendering leg and pel-vds inert, thus favoring 
venous stasis. There were 3 cases of fractured femur complicated by 
fatal embolism in our series and in all 3 heart disease was present. 
There were also 2 instances of compression of the inferior cava by 
intra-abdominal tumors (Table II) and both suffered fatal embolism 
from thromboses developing below the point of compression. 

Several clinical investigators (Walters,^® Miller, Polak and Maz- 
zola ,^2 Boshamer,®^ Fonio,®^ and Wright ®®) , already convinced of the 
danger of venous stasis in postoperative cases, describe prophylactic 
measures aimed at maintaining adequate venous return from the 
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extremities. The administration of thyroxin to stimulate the circula- 
tion, elevation and massaging of the legs, application of heat and the 
encouragement of active movement are some of the measures em- 
ployed in an attempt to prevent postoperative pulmonary embolism. 
Walters reports encouraging results of such treatment at the Mayo 
Clinic. 

Of the 56 cases that form the basis of this report only ii had 
undergone operative treatment. Platelet counts were not made, but 
the factor of “tissue injury and the absorption of breakdown prod- 
ucts” (cited by Dawbam, Earlam and Evans as the probable 
excitant of the postoperative platelet rise) was not present in the 
majority of our cases. 

The work of Hueck,^^ and Dawbam, Earlam and Evans, has 
served to focus much attention on a relation between increase of 
platelets and a tendency to thrombosis. It should be remembered, 
however, that age does not influence the postoperative platelet rise; 
it is just as marked in the child as in the adult, and yet the latter is 
much more prone to develop thrombosis. Dawbam and his asso- 
ciates state: “If the two factors of stasis and a high platelet level be 
combined in a given patient it would seem that thrombosis may be 
expected. In elderly patients the factor of stasis is probably the more 
important.” It should also be borne in mind that no one, with the 
exception of Brock, seems to have made observations on the 
platelet reaction in actual cases of thrombosis. Brock states that he 
has seen thrombosis in cases where the platelet count showed only 
a moderate rise, whereas other patients with a much bigger rise 
showed no evidence of any thrombosis. Willinsky^' studied the 
platelet reaction in a number of postoperative cases and in general 
confirmed the observations of Dawbam, Earlam and Evans, but 
none of his cases had thrombosis. 

A large number of workers have directed their attention to 
changes in the coagulability of the blood, believing an altered state 
of the blood to be the chief factor responsible for thrombosis. Wfliile 
not denying the possibility of this factor playing a role it seems to 
us the fact is too often overlooked that thrombosis is a process e^ 
scntially diflerent from extra vitam coagulation of blood. The tv.o 
types of coagula are widely diflerent in origin and .structure, as has 
been shown by Zahn,^® Ebcrth and Schimmelbusch,"-^’ V\c'lc 1,^ 

Aschoff Apitz,'- and Dietrich.' Dawbam, Earlam and Evan.s,** 
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while purporting to show a correlation between the platelet count 
and clotting time, observed that patients with very high or veiy low 
platelet counts often showed but slight variations from the normal 
clotting time. The parallel which they believe to have established is 
not a striking one and there remains room for doubt as to whether 
the rapidity of extra viiain clotting varies directly with the tendency 
to thrombosis, whatever be the influence of the platelets. 

The observations of Lubarsch ^ and Ascholf have done much 
to disprove the contentions of Welch,-®- Dietrich ® and others, that 
infection plays the most important r 61 e in the determination of 
thrombosis. In the majority of our cases the presence of infection 
could not be established as a definite factor. Furthermore, we sought 
to exclude from the present study those cases in which thrombosis 
arose as the result of suppurative lesions in relation to veins. Mi- 
croscopic examination of the thrombosed veins failed to show signs 
of an active inflammatory reaction, thus affording further evidence 
of the absence of infection. 

Summary and Conclusions 

Pulmonary embolism is to be observed in approximately 10 per 
cent of autopsies upon adult individuals and is much commoner in 
medical than surgical cases. More than half of these cases show in- 
farcts of the lungs and in nearly all there are repeated embolisms 
occurring over a period of hours, days or weeks. Thromboses of leg 
and pelvic veins are the chief source of dangerous pulmonary emboli. 
Such thromboses commonly develop without clinical manifestations 
and show no evidence of active inflammation in the adjacent vein 
wall. The dangerous type of thrombosis has a high incidence in cases 
of cardiac insufficiency. From the work of Blumgart and Weiss it is 
evident that the flow of blood in the veins is slowed when the heart’s 
function is impaired, and slowing of the blood stream is known to 
favor thrombosis. Other factors seeming of lesser significance in 
our series of cases, we regard circulatory embarrassment as of prime 
importance in the etiology of venous thrombosis and pulmonary 
embolism. A high percentage of postoperative fatalities from pul- 
monary embolism show evidence of minor degrees of cardiac in- 
competence. 
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HYPERACTIVATION OF THE NEUROHYPOPHYSIS AS THE 
PATHOLOGICAL BASIS OF ECLAMPSIA AND OTHER 
HYPERTENSIVE STATES * * 

Harvey Cushing, M.D. 

{Nav Haven, Conn.) 


An excessive infiltration of the neuroh3q3ophysis by epithelial 
elements, bearing a certain resemblance to the cellular invasion of a 
malignant tumor, appears to have been first mentioned by Thom in 
1901,^^ since when the condition has been observed and commented 
on from one aspect or another by many others. There has, however, 
been a difference of opinion regarding the precise nature as well as 
source of origin of the inwandering cells, and still less agreement as 
to the meaning of the process. Indeed, it has not been generally 
assumed to have any physiological or pathological significance. 

In the lower animals a patent cleft, the relic of Rathke’s pouch, 
divides the epithelial portion of the pituitary body into a bulky pars 
distalis and a thin pars intermedia, which serves closely to envelop 
the pars nervosa proper. The posterior lobe or neurohypophysis is 
thus composed of two easily recognizable but mechanically insepar- 
able portions.! 

* These studies, made in the Surgical Laboratoiy of the Peter Bent Brigham Hospi- 
tal with the assistance of Dr. Louise Eisenhardt, were the basis of the first lecture before 
the Medical Research Society delivered at University College, London, November 2, 

1933- 

f Closely embracing the pituitary stalk and lower tuber, both in animals and in man, 
is a tongue-like prolongation of the epithelial lobe known as the pars tuberalis, of whose 
independent secretory function even less is known than of the pars intermedia. The 
chief difficulty encountered by those who have attempted, by study of its extracts, to 
determine the separate function of the pars tuberalis has possibly lain in the fact that 
the large venous trunks which pass through it contain variable amounts of the secre- 
tory product both of pars distalis and of pars intermedia in the process of transport to 
the tuberal nuclei. 

Received for publication December 12, 1933. 
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In the higher anthropoids and in man, on the other hand, because 
of, the practical disappearance of the cleft there exists no such clear 
anatomical distinction between pars distalis and pars intermedia. 
Consequently, many writers {e. g., Plant®® in 1922, Erdheim^^ in 
1925, Dayton ^Mn 1926, Benda Mn 1927, and Kraus ^Mn 1928) have 
expressed the belief that the latter has become so rudimentary or 
vestigial it is futile to consider the two epithelial parts of the human 
gland other than as a whole. This has been particularly emphasized 
during the past several years by Berblinger,®*^ who distinguishes 
glandular hypophysis from neural hypophysis but disclaims any 
recognizable subdivisions of the former. Hence, in accordance with 
this view, any cells that wander into the pars nervosa must come 
from the pars distalis or anterior lobe proper. 

Several of the authors who adhere to this opinion, more especially 
Kraus and Berblinger, have examined large numbers of human 
glands removed at autopsy and have made detailed estimates of the 
relative percentage of basophilic elements present in the pituitary 
body as a whole under various conditions of disease. Berblinger’s 
computations of an increase or diminution of these elements are 
based on their relative number, irrespective of the lobe in which they 
occur. Kraus, on the other hand, lists those of anterior and pos- 
terior lobe separately and it would appear from his tables that the 
pars nervosa often harbors basophilic elements, particularly in asso- 
ciation with what he calls the hypersthenic constitution.®® 

However, from my reading of their papers it docs not appear that 
either of these distinguished writers on the subject looks upon the 
basophilic infiltration of the pars nervosa as anything more than a 
fortuitous overflow of these elements from the pars anterior. Bcr- 
blinger, indeed, emphatically insists that pituitary disease is entirely 
an anterior lobe problem. Just why the acidophilic elements of tin's 
lobe, whidi in man are heavily massed in the region adjacent to the 
site of the original cleft, fail similarly to infiltrate the nervous tissue 
is not explained. 

A contrary \dew, with which the writer sides, is held by another 
group (c. g., Tolken'*® in 1912, Schonig'*°in 1926, Levds and Lee®” 
in 1927, Marburg®' in 1929, Biedl ® in 1929, Aschofi® in 1930, Eas- 
mussen®® in 1930, Orlandi®'* in 1930, Guizzetti in 1933). While 
granting its relatively inconspicuous nature in man, most of these 
authors nevertheless maintain that the pars intermedia is anatomi- 
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cally recognizable by the distinctive character of its cells, which 
acquire basophilic granules in the process of maturation and migrate 
into the pars nervosa. Though the basophils arising from this source 
possibly tend to be somewhat smaller, to have a more pyknotic type 
of nucleus and a less heavily granular and less abundantly vacuo- 
lated cytoplasm than the basophilic elements of the pars distalis, in 
the terminal stages of ripening the basophils from either source are 
morphologically indistinguishable. 

These differing points of view regarding the source of origin of the 
basophilic elements occasionally observed in the pars nervosa would 
seem to be of less importance than the physiological significance of 
the process; and it does not appear to have been suggested, or at 
least not to have been emphasized, by either party in this contention 
that the dcgfce of hasophilic infilWolion iiwy represent a- nieosure of 
neurohypophysial actwaiion. It is proposed herein to lay stress on 
this fundamentally important point. 

That the posterior lobe contains an active principle, not found in 
the anterior lobe, has been known since Howell’s discovery in 1898 of 
a pressor substance in its extracts. However, all posterior lobe ex- 
tracts obtained from the lower animals are necessarily products of 
both pars intermedia and pars nervosa. And since it is inconceivable 
that the neural tissue composing the tubero-infundibular apparatus 
is capable independently of elaborating a hormone, the active prin- 
ciple in extracts of the lobe must obviously be derived from its cellu- 
lar investment. It certainly could not come from the pars distahs, 
for in the lower animals from which these extracts are customarily 
made the two lobes of the gland are readily separated. 

Herring was the first to study and describe the peculiar manner 
of posterior lobe secretion. In the gland of the cat he observed t e 
casting off from the pars intermedia of cells which in their passage 
through the pars nervosa become transformed into hyaline-hke 
masses. These masses of secretory product, in favourable prepara- 
tions, not only are discernible in the posterior lobe of normal glands 
but may be increased visibly under certain experimental conditmns 
such, for example, as after a preceding thyroidectomy. ® 

Herring’s conception of the process has been looked upon wi 
skepticism in many quarters and may need some slight reinterpre 
tation, a number of authors (e. g., Sharpey-Schafer,^^ Cushing an 
Goetsch,^^ da Costa,^® and Remy Collin have agreed with hun in 
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all essential points. His views unquestionably furnish the only satis- 
factory explanation of the normal manner of neurohypophysial 
activity. 

As mentioned in the introductory paragraph, a massive infiltra- 
tion by basophilic elements is not infrequently seen in the posterior 
lobe of man. However, not even by those who believe in a persistent 
pars intermedia and look upon the invading elements as derived 
from it does the suggestion appear to have been made that the degree 
of infiltration is a measure of functional activity and that an excess 
of posterior lobe (i. e. pars intermedia) secretion should be recover- 
able from glands in which the process is marked. 

It has been pointed out separately by Erdheim, Tolken, Kraus 
and Berblinger that an increase of basophilic elements in the gland 
as a whole is an accompaniment of advancing years of hfe when 
naturally enough it is often associated with atherosclerosis and renal 
disease. They appear, however, to regard the process as merely 
coincidental with these disorders and do not look upon it as in any 
sense an aetiological factor in their production, imless such a state- 
ment has been overlooked. In his recent monograph Berblinger ^ 
emphatically states (page 936) : “Neither Hoeppli nor I ever claimed 
that the increase in the basophilic cells represents a pathological 
finding in the hypophysis but on the contrary, we regarded the cellu- 
lar variation as a reaction that supposedly bears some sort of rela- 
tionship to the altered renal activity.” 

Of the several pathologists who have dealt with the subject 
Skubiszewski (1925) appears to have been the only one to have 
grasped the idea that posterior lobe basophilia might be an indira- 
tion of hyperfunction. He expressed the belief that the cardiac 
hypertrophy and diuresis accompanying chronic interstitial nephri- 
tis might thus be accounted for. This view appears to have been 
based on the assumption that the posterior lobe principle had a 
diuretic rather than an antidiuretic action. But however this may 
be, the time w^as not ripe for such an interpretation and Berblinger 
promptly opposed it on the ground that in uraemia with lowered 
diuresis the same picture is particularly frequent. As a matter of 
fact, only in the past few years through the discovery of a posterior 
lobe-like substance in the blood in certain hypertensive states could 
the full significance of hyperactivation of the posterior lobe by ihc 
invading elements have been thoroughly grasped. 
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I. Neurohypophysial Activation in Pituitary 

Basophilism 

■WTiat has led to a revival of interest in this particular matter has 
been the postmortem disclosure, in a case of what has been termed 
pituitaiY^ basophilism,” not only of a definite basophilic adenoma in 
the pars distalis, but of an excessive invasion of the pars nervosa by 
elements of the same type (Fig. i). This strongly suggested a dual 
source of the symptom-complex as partly anterior hypophysial and 
partly posterior hypophysial. For in these clinical states not only is 
there evidence of gonadal dysfunction but the adiposity, glycosuria, 
pigmentation of the skin, h5^ertension and ultimate atherosclerosis 
might well be ascribed to hj^erfunction of the posterior lobe. 

This disclosure naturally led to the re-examination of sections of 
the pituitary glands from the kno^vn victims of the disorder obtained 
from various sources; and though in the single sections from the An- 
derson case, the Parkes Weber case, and one or two others, no notable 
basophilic invasion of the posterior lobe is seen, it is very marked in 
the gland from the Raab-Kraus case, of which Professor Kraus has 
kindly submitted four sections. Indeed, on further study of this 
case, the interpretation of which has been thoroughly discussed in 
the literature both by Kraus and by Raab,®^ it is my impression 
that the tumor is an actual adenoma of the pars intermedia (Fig. 2). 

While this interpretation of the lesion is not in accord with that 
held by Dr. Kraus, to whose opinion and wide experience I should 
naturally wish to defer, certain reasons in its favour may be given. 
Not only is a rich basophilic invasion of the pars nervosa taking 
place from the periphery of the adenoma, as he has clearly pointed 
out, but there is also a tendency in this direction in areas remote 
from the tumor where the investing pars intermedia is separated 
from the pars anterior by a large Rathke’s cyst (Fig. 3). It would 
seem, therefore, that the cells must come from the pars intermedia 
rather than the pars distalis from which, indeed, the adenoma itself 
is sharply delimited. A further reason lies in the fact that an 
adenoma of similar sort, unmistakably from pars intermedia, has 
been observed in a fatal case of eclampsia to be described (p. 156). 

The vasculo-renal changes incidental to old age have, as already 
stated, been shown to be accompanied by an increase of basophilic 
elements of the pituitary body as a whole. But since hypertension 
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and atherosclerosis of pituitary basophilism occur in young persons, 
it was natural to assume that the basophilic adenoma was the causal 
agent rather than a resultant effect. What is more, since extracts 
of the posterior lobe alone contain a demonstrable pressor substance, 
the conclusion was inescapable that the posterior lobe basophilia was 
the important factor in the hypertension, rather than the numerical 
increase of these cells in the pars distalis. 

2. Neurohypophysial Activation in Eclampsia 

We may now turn to evidence from another source. Several years 
ago (1918) it was pointed out by Hofbauer ^ that the diminished 
output of urine, the oedemas, convulsions and vascular hyperten- 
sion characterizing eclampsia strongly suggested an intoxication by 
excess of posterior lobe secretion. In pursuit of this hypothesis 
Anselmino and his collaborators have found an antidiuretic 
substance in the blood of patients with eclampsia, and also a pressor 
substance in all instances when systolic blood pressures of 180 or 
over were a feature of the syndrome. 

In view of these interesting observations it was anticipated that 
the same excessive infiltration of the pars nervosa, which was so 
striking in the case of pituitary basophilism with hypertension and 
nephrosclerosis, might also be present in the pituitary glands of 
patients with eclampsia. 

A hint that this idea might be worth pursuing was afforded by the 
sections of a gland in which such an infiltration had been observed 
(Fig. 4) . The specimen came from the Boston Lying-In Hospital and 
the sections have been filed in our laboratory since 1921, when Perci- 
val Bailey ^ was in search of a tinctorial method of distinguishing the 
granules in basophilic and acidophilic cells. There unfortunately is 
no history of the specimen and it is not definitely known to have 
come from an eclamptic patient, but considering its source the prob- 
abilities are that it did. 

Since Erdheim and Stumme’s classical paper’® in wluch the 

pregnancy cells vrere first described, most pathologists w'ho have 
studied the pituitary body in pregnancy have been more intcrcstc 
in the condition of the glandular than of the neural hypophysis. 
Though Erdheim had been among the first to describe the basophilic 
invasion of the posterior lobe no reference is made to its occurrence 
in any of the eighteen cases of eclampsia that he and Stumme m 
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eluded in their important monograph. On the other hand, in three 
of the twenty-five glands in their control series (two cases of nephritis 
and one of biliary carcinoma) such an invasion is specifically men- 
tioned. The professor of pathology in another university has kindly 
forwarded for study single sections of the pituitary bodies from 
eleven cases of eclampsia in his collection. Five of them fail to show 
the posterior lobe at all, and in none of those that happen to retain 
portions of it does any active cellular invasion appear. All this 
would seem to constitute overwhelming evidence against the view 
that posterior lobe activation by basophils might be a factor in the 


toxaemias of pregnancy. 

Not only are pituitary glands of eclampsia difficult to come by, but 
it would appear that the “toxicoses of pregnancy” and “eclampsia” 
are exceedingly vague terms in obstetrical parlance. During the past 
few months we have succeeded in securing nine uncut glands sup- 


posedly from fatal cases of the disorder. While not all of them show 
basophilia of the posterior lobe, some of them do, and in a few in- 
stances it is excessive. To a consideration of these cases we may now 
turn. 


For the first two specimens which came from the pathological de- 
partment of the Boston Lying-In Hospital I am indebted to my 
colleague. Professor S. B. Wolbach. 

Case i. The patient, 28 years of age, had been under treatment for advanced 
diabetes mellitus for a period of 6 years. She was sent to the hospital a few hours 
after a norma] parturition because of a sudden convulsion with subsequen coma. 
The systolic blood pressure was 170; the urine showed large traces of albumin 
and the blood a marked hyperglycaemia. She was twice subjected to plasma- 
pheresis with fatal issue. Whhe the diagnosis was P^e^eral toxaemia mth 
convulsions,” there was some question as to whether the death might not have 
been due to diabetic coma. 


The serial sections of the pituitary body show no posterior lobe in- 


vasion whatsoever. 


The history of the second case from the same source is as follows. 

Case 2. On March 29, 1931, an 8 months pre^ant primipara, aged 34^ 

was brought to the hospital in a comatose condition after aving nrnount and 

secutive convulsions. The urine drawn by catheter was sma 

showed a large trace of albumin. Plasmapheresis was per orm variable 

given hypertonic glucose and saline solution. The blood pressur , n ’ 

the highest reading having been igo/ioo. The lowest rea 

taken shortly before death, which occurred on the day after a , 

tient never having regained consciousness. 
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The postmortem examination showed: an 8 months undelivered 
fetus^ acute tubular nephritis, slight fatty infiltration of the liver 
with central congestion and necrosis, acute toxic splenitis, pul- 
monary congestion and oedema with (?) terminal bronchopneu- 
monia, generalized slight arteriosclerosis, and follicular desquama- 
tion of the thyroid. 

On its removal in 1931 the piluiiary body had been cut sagittally 
in halves, one of which was preserved in alcohol, the other in 
Zenker’s fluid. On being sectioned serially the anterior lobe shows a 
great abimdance of basophils, often in large clusters, some of almost 
adenomatous-like character. There is no necrosis, scarring or round- 
cell infiltration. 

In the posterior lobe (evidently cut into and partly lost in process 
of removal) the distinction between pars distalis and pars intermedia 
is easily drawn by long, narrow, colloid-containing cavities represent- 
ing the original cleft. In the more lateral regions the cleft may be 
followed all the way through to its open mouth in the dura. Because 
of this separation it is difficult to imagine that the fairly abundant 
basophilic infiltration of the posterior lobe (Fig. 5) represents an 
overflow from the pars distalis. 

The colloid-filled cleft extends from the base of the gland four- 
fifths of the way up toward the stalk. Above this level the distinc- 
tion between pars distalis and pars intermedia is less clear. Below 
this level signs of reactive hyperplasia of the pars intermedia are 
everywhere evident; the acini have increased in number and ripened 
basophilic elements are being cast off to invade the adjacent ner- 
vous tissue. Fortunately the hyaline masses have not been wholly 
dissolved out of the tissue and the pars nervosa is everywhere 
heavily charged with them, large accumulations being present in 
certain regions (Fig. 6). 

For the next three specimens to be described thanks are due to Dr. 
G. Elliott May of the Boston City Hospital. 

Cask 3, On Jan, 30, 1933, Mrs. A. F., a primipara 42 years of ap, first con- 
sulted Dr. May when about 7 months pregnant. For 2 months she had occ 
having frequent vomiting attad:s, which were ascribed to indigestion no 
which she had suffered for years. Ditterly she had voided infrequently anc 0 
the past week only veiy small amounts, . 

She was emaciated and dehydrated, having a dry, coated tongue, ^ 
oedema of the ankles and a blood pressure of 160/ 100. The urine .showed a n - 
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of albumin, a few red cells and occasional granular casts. Test of renal function 
showed it to be low; the non-protein nitrogen was 36 mg. per cent. She was 
immediately sent to the hospital wth the diagnosis of toxaemia of pregnancy 
and hyperemesis gravidarum. 

During the next week under forced fluids she improved greatly. The urine 
increased in amount, the oedema disappeared and the vomiting ceased. Her 
blood pressure, however, progressively rose to 184/128 by February 7th, on 
which day she began having labour pains. Of these she complained so bitterly 
she was given phenobarbital and scopolamine in small doses. Later in the day 
she passed into a coma from which she never aroused. On the afternoon of 
February 8th she was delivered normally, with the aid of an injection of pitu- 
itrin, of a still-born foetus. The systolic blood pressure dropped from 182 to 138 
and 2 hours later to 90/70. She remained comatose, in spite of all efforts to 
relieve the condition, until her death on the afternoon of Febuary roth. 

The postmortem examination disclosed an apopleptic clot in the 
right frontal lobe of the cerebrum, a duodenal ulcer, and multiple 
small abscesses of liver and kidneys. There was no atherosclerosis. 
The diagnosis was ‘^non-convulsive eclampsia without typical 
autopsy findings.” 

The pituitary body had been cut in two in a sagittal plane, the 
stalk having been destroyed in the process; one-half had been fixed 
in Zenker’s fluid, the other in formalin. Serial sections of each block 
were made in the vertical plane of the original cut. 

The pars distalis shows near its anterior edge an irregularly mar- 
ginal area of necrosis about 3 mm. in diameter. Infiltration with 
polymorphonuclear leukocytes has be^n to take place in the ne- 
crotic area, which is encircled by alveolated clusters of basophihc 
cells more sharply outlined than usual because of their separation 
by oedematous strands of interstitial tissue. 

Throughout the pars distalis basophils far outnumber the acido- 
philic elements, the latter being largely confined to a broad jux- 
taneural crescentic strip. Many large chromophobe elements (gesta- 
tion cells?) are scattered through the lobe and one gains the impres- 
sion that they are ripening into pale staining basophils. 

The pars intermedia is clearly separated from the pars distalis, 
throughout most of the sections, by the overabundance of colloid in 
the cleft. There is an extensive posterior lobe invasion (Fig. 7) by 
basophilic elements from the pars intermedia, more particularly 
from the lower third of the cleft. The column of cells extends in the 
usual conical fashion halfway through the lobe. 

Throughout the pars nervosa the hyaline masses happen to have 
been unusually well retained in the interstices of the neural tissue 
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(Fig. 8), many of them adjacent to the tongues of the still living cells 
showing ghosts of nuclei. The hyaline masses can be followed easily 
as they stream toward the direction of the stalk. The abundant 
hyalin (colloid) in the cleft appears to come from the same cellular 
elements. It can be seen emerging from the mouth of the cleft into 
the subarachnoid spaces. 


In all three of the foregoing cases the gland, before it was received, 
had been divided on a sagittal plane, the two halves having been 
placed in different fixatives. This procedure, for reasons given else- 
where,^ adds difficulties of interpretation to the study of the serial 
sections from the loss of topographical relations. Wishing to obtain 
an entire gland with its hypothalamic attachment intact, Dr. May 
kindly notified me of the autopsy on the following case and I was 
permitted to remove and preserve the block of tissue in the desired 


way. 


Case 4. The patient, an exceedingly adipose multipara 38 years of age, was 
admitted to the Boston City Hospital June 6, 1933. Three years before she had 
been attended by her local physician in her ninth pregnancy. At that time she 
had a normal parturition, though she was found to have a blood pressure of 
180/100. As this condition subsequently persisted, it was looked upon as an 
essential hypertension. 

During this, her tenth pregnancy, the systolic pressures had varied from 200 
to 220. She latterly had been having much nausea and vomiting with swelling 
of the hands and feet. 

Before her admission she had been in labour for several hours with a breech 
presentation and, becoming hysterical, she was finally taken to the hospital. 
There she was found to have a blood pressure of 210/120, going up to 260/120 
during her pains. The delivery of the child was tardy and subsequently the 
mother passed into a comatose state without convulsions and died in a few 
hours. The clinical diagnosis was “toxaemia of pregnancy.” 


The autopsy showed very little apart from a moderate cardiac 
hypertrophy and dilatation, slight atherosclerosis, fatty infiltration 
of the liver and acute pulmonary congestion. 

The piiniiary body, a large, succulent gland (not separately 
w'eighed) with its stalk, tuber and block of the hypothalamic region, 
w’as removed in one piece (Fig. 9), fixed in formalin, serially sec- 
tioned in the horizontal plane and stained vdth haematoxylin 


nd 


cosin. 

The posterior lobe in its lower portion show's a cellular invasion 
basophilic elements tliat almost surround its circumference (Fig. lo)- 
A large excess of colloid in certain parts of the cleft has broken wide y 
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into the pars distalis. In many areas the infiltration is massive (Fig. 
ii) and strands of normally staining basophils can be followed well 
up into the stalk (Fig. 12). The holocrine secretion has been well 
preserved in between the infiltrating tongues of viable cells (Fig. 13). 
The tuber is broken up into widely opened spaces as the tip of the in- 
fundibular cavity is approached. This, as usual, shows a highly de- 
fective epend3Tnal cuticle. 

The story of Dr. May’s third case is briefly as follows. 

Case 5. On Aug. 12, 1933, a 23 year old Polish woman, about 7 months 
pregnant, who had had no prenatal care, was admitted to the Boston City Hos- 
pital with the story that she had recently shown some swelling of the face and 
ankles, and for 24 hours had been having a series of convulsive seizures. She was 
unconscious on admission and about 3 ounces of urine were obtained by catheter, 
showing a heavy trace of albumin, hyaline and granular casts and red cells. Her 
blood pressure was 1 70/1 10. She remained in deep coma in spite of treatment 
and died 36 hours later. 

The postmortem examination showed lesions in the liver and 
kidneys typical of eclampsia. There was also an intense venous con- 
gestion of the cortical vessels of the brain with a small subarachnoid 
hemorrhage over the right occipito-parietal region. 

The pituitary body with the hypothalamus had been removed in a 
single block, fixed in formalin and forwarded for study. The gland 
■was large; both stalk and tuber were swollen and succulent. After 
serial sectioning in the horizontal plane not only are basophiles 
found to be abundant in the pars distalis, but from the pars inter- 
media two cones of these same elements project into the pars nervosa 
(Fig. 14), from one of which ripened cells can be traced well into the 
center of the lobe. The pars intermedia in other regions shows an 
abundance of Rathke’s cysts lined by ripened basophiles (Fig. 15) 
which have broken into the cysts as well as the cleft and are scantily 
invading the pars nervosa. 

In the Kraus-Raab case of pituitary basophilism, as previously 
stated, there was found what I have ventured to interpret as a baso- 
philic adenoma of the pars intermedia (cf . Fig. 2) . Some hesitation 
was felt in regard to this for the reason that no such adenoma of 
this epithelial zone had been definitely described. However, the dis- 
closure of a similar lesion in the gland of a patient with eclampsia 
makes the given interpretation of the case seem the more probable. 
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Through my one-time pupil, Dr. Benno Schlesinger, some in- 
quiries were made regarding the prevalence of eclampsia in Vienna. 
Desiring to interest Professor Erdheim in the subject at hand and 
with the hope that his old eclampsia sections might be gone over to 
see what proportion of them showed invasion of the type in question, 
a photomicrograph of one of our sections was sent in illustration of 
what was to be looked for. He replied that he had never seen any 
corresponding degree of “spreading out” of basophilic cells in the 
posterior lobe, except in the glands of old persons. Unfortunately his 
old slides had been thrown away and for years he had had no oppor- 
tunity further to pursue his studies of pregnancy. 

Dr. Schlesinger made further inquiries and learned at the Allge- 
meines Krankenhaus that they do not have more than one or two 
fatal cases of eclampsia each year. He subsequently, from another 
source, had the good fortune to secure and forward to me the gland 
to be described. 

Case 6. The patient, a primipara aged 37 years, was admitted to the Brigit- 
taspital of Vienna May 2, 1933. She had marked hypertension, the systolic reg- 
istrations ranging between 210 to 180 during the next 10 days. On May 13th 
she had six convulsive seizures and at 6 P.ii. the child was delivered by forceps 
extraction. In spite of stimulants she faded to rally and died 8 hours later. 

The postmortem examination disclosed a “gray and fragile” liver, 
a parenchymatous and fatty degeneration of the kidneys, excentric 
h)rpertrophy of the left ventricle, acute oedema of the lungs, and 
oedema of the leptomeninges. 

The pituitary body was large, ovoid, and weighed circa 960 mg. 
The prominent posterior lobe had been slightly damaged in removal; 
there was an obvious extrusion of a large hyaline globule in the cleft 
between the posterior and anterior lobes. 

Serial sections on a horizontal plane were cut at 8 microns, every 
tenth section being mounted and stained 'with haematoxylin and 
eosin. The first thing noticeable is the large, full pars distalis w'hich 
shows no areas of necrosis or round-cell infiltration. Basophilic ele- 
ments abound, many of them in large clusters. The transverse cleft 
is distended with colloid which has burst through into the meningc.i. 

It cleanly separates pars distalis from pars intermedia (Fig. id)* 
The posterior lobe at this level is defective but an extensive invasion 
from pars intermedia is clearly apparent (Fig. 17). 

The cells from this low-level invasion pass upward and backward 
toward the posterior portion of the pars ncrvo.sa where they become 
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merged with a large, sharply defined cellular mass (Fig. 18). This 
globular lesion is readily visible to the naked eye from the 8 micron 
sections No. 720 to 2250 (Fig. 19), its maximal diameters being 
about 3 by 4 mm. It proves on higher magnification to have the 
architectural features of an adenoma (Fig. 20) and its component 
elements are unmistakably fully ripened basophilic cells (Fig. 21). 

The glands of the two following cases were received through the 
courtesy of Dr. C. B. Courville of Los Angeles. 

Case 7. The patient, an obese woman aged 35 years, and 7 months pregnant, 
was admitted to the Los Angeles General Hospital May 13, 1933, having had 
three convulsions the previous day. She had had no prenatal care. There was 
some oedema of the ankles, feet and face. The urine showed a large trace of 
albumin and finely granular casts. The blood pressure was only 130/90. On 
Maj'^ i8th she was delivered of a premature child. On May 19th she became 
comatose with Cheyne-Stokes respiration and was found to have a bilateral 
papilloedema. On May 22nd she died. The case was looked upon as one of 
typical postpartum eclampsia. 

At autopsy changes in the liver and kidneys were found consistent 
with eclampsia and there were in addition multiple focal haemor- 
rhages in the brain. 

The pituitary body shows very httle change. Posterior lobe in- 
vasion is slight, occurs in one small area only (Fig. 22) and there is no 
colloid in the cleft. 

In the following, the second of Dr. Courville’s cases, there was 
doubt of the diagnosis. 

Case 8. The patient, a multipara 7 months pregnant, was admitted to the 
Los Angeles General Hospital on June 15, 1933, in status epilepticus from rapidly 
recurring right-sided fits. She had been known to have convulsions previously 
of Jacksonian type beginning on the right side. The blood pressure was 165/ 100. 
The urine showed a trace of albumin and a few casts. The cerebrospinal fluid 
was blood-tinged and under tension. A diagnosis of subdural haemorrhage was 
made and an operation performed without disclosing a clot. 

The autopsy showed cerebral oedema with petechial haemor- 
rhages, a thickened arachnoid and an apparent thrombosis of the 
left middle cerebral artery. The case was looked upon as “atypical 
eclampsia.’’ 

The pituitary lady on section shows (Fig. 23) only a very slight 
degree of posterior lobe invasion in one place. There is certainly 
no excessive basophilia in either anterior or posterior- lobe. 
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The records and specimen from the last of the cases have been 
kindly forwarded by Dr. Frank Forry of the Indiana University 
Medical School, 

Case 9. The patient, 44 years of age, was an obese multipara in the 8th 
month of her ninth pregnancy. She had been known to have hypertension for 
several years. She was admitted to the hospital Aug. 16, 1931, in deep coma 
Mth cj^anosis. There was oedema of the extremities. The urine showed a large 
trace of sugar, albumin, red cells and granular casts. The blood pressure, taken 
frequently, ranged from 238/130 to 190/110. She was spontaneously delivered 
of a stUl-bom child and died 3 days after admission in a state of hyperthermia 
(107° F). 

At autopsy focal necroses of the liver, chronic nephritis and 
bronchopneumonia were found. There was no question of the diag- 
nosis of eclampsia gravidarum. 

The pituitary body shows a massive posterior lobe invasion, as 
heavy as that shown in Figure 5, The gland unfortunately was frag- 
mented in removal and the sections stain so feebly the photomicro- 
graph is not worth reproducing. 

Summary 

Briefly summarised, six of these nine cases (Nos. 2, 4, 5, 6, 7 
and 9) were typical of eclampsia and in the four (Nos. 2, 4, 6 and 9) 
that had shown marked hypertension an excessive basophilic in- 
vasion was present; Case 5 showed only a moderate invasion with 
the systolic pressure not above 170, and in Case 7 there was no 
hypertension and very slight invasion. 

In the other three cases (Nos. i, 3 and 8) the diagnosis of eclampsia 
was questionable or the condition at3T)ical. There was no invasion in 
Case I wth a systolic pressure of 170, and in Case 8 with a pressure 
of 165 it was slight. In Case 3, on the other hand, with a pressure of 
184, the posterior lobe basophilia was marked. In all the cases, there- 
fore, in which blood pressure registrations w'cre j8o or over, there was 
marked basophilic infiltration of the posterior lobe. It wall be re- 
called that Anselmino and Hoffmann found a pressor substance in 
the blood of eclamptics only when systolic pressures exceeding 180 
were recorded. 
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3. Essential Hypertension in the Prime of Life 

If I am correctly informed, it is generally recognized by obstetri- 
cians that when the toxaemias of pregnancy are accompanied by 
hypertension their victims are apt to retain an abnormally high 
blood pressure which is likely to be increased in each subsequent 
period of child-bearing. Alongside of this goes a tendency toward 
adiposity, examples of such a sequence being given by Cases 4 and 9 
in the preceding series. So-called essential hypertension, however, is 
a common disorder by no means limited to such a small group, for it 
may victimize women who have never borne children and no less 
frequently men in the prime of life. 

The postmortem examination on such cases often faOs to show any 
satisfactory explanation for the patient’s death. The usual finding 
on which the pathological diagnosis is based is a chronic progressive 
renal lesion characterized by hyalinoid thickening of the terminal 
arterioles. While these vascular changes may be more pronounced 
in the kidney than elsewhere and may possibly jSrst be detected 
there, the process nevertheless is universal and similar arteriolar 
changes are found in all other organs. This was clearly pointed out 
sixty years ago by Gull and Sutton, whose important studies were 
the starting point of the vast amount of work that has since been 
done on arteriosclerosis and hypertension. Nevertheless, many 
clinicians are still inclined to regard essential hypertension (the 
“hyperpiesia” of Clifford Allbutt) as primarily a nephrovascular 
disorder, in view of the presence of albumin and casts in the mine. 

While Gull and Sutton admitted complete ignorance as to the 
cause of their “arterio-capillary fibrosis” other than that it was 
common in old age and premature senility, it would have interested 
them to know that posterior lobe extract exerts its constricting 
effects on the peripheral arterioles and capillaries where the patho- 
logical changes they described primarily appear. What is more, as 
pointed out by Professor Harold E. MacMahon, precisely the same 
renal lesion, variously called progressive vascular nephritis and 
malignant nephrosclerosis, may be seen to follow both hyperpiesia 
and pituitary basophilism, and it is quite possible that the more 
acute renal lesions of eclampsia are of the same order. 

In view of what has gone before, it was natmal enough to suspect 
that posterior lobe basophilia might also accompany these conditions 
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of so-called essential hypertension. The first opportunity to examine 
the pituitary body from such a case in the desired way was afforded 
by Dr. George Hass, the resident pathologist of the Peter Bent 
Brigham Hospital, who removed the gland and anterior hypothala- 
mus in one piece from the body of the man whose story follows. 

Case io. Edward M., aged 45 years, a negro chef of good family history and 
exemplary habits, entered the medical wards of the hospital Feb, 8, 1933, com- 
plaining of precordial pain, shortness of breath, inappetence, and recent loss of 
weight. For 2 years he had been having morning headaches regressing during 
the day; for 5 months dyspnoea on exertion, often associated with substemal 
pain radiating to the left shoulder and ceasing abruptly; also attacks of noc- 
turnal dyspnoea with productive cough; for 2 -months transient attacks of blind- 
ness in the right eye, lasting a few hours; for 2 weeks occasional slight epistaxis. 

The physical examination revealed a cardiac enlargement and an expanded 
aorta (shown by the X-ray), with soft systolic murmur and accentuated second 
sound. The blood pressure was high, varying around 230/ 160. The urine showed 
the slightest possible trace of albumin, an occasional red blood corpuscle, rarely 
a hyaline cast. The Wassermann reaction was positive for the blood (reputed), 
negative for the spinal fluid. There was no history of a syphilitic infection. 

He was abundantly studied by many observers during the following 6 wee^ 
with the diagnosis of s)^hilitic aortitis chiefly favoured, though some thought it 
was coronary disease, others a nephrovascular disorder. He had occasional at- 
tacks of severe pain, substemal or epigastric, during which his blood pressure 
would usually fall, on one occasion to 135/80. For these attacks he was given 
nitroglycerine and often required morphia. 

In the early morning of March 25th he was taken with a t>q3ical attack of 
agonizing epigastric pain, which sedatives failed to relieve. This continued dur- 
ing the day, with periodic vomiting and frequent watery bowel movements con- 
taining blood. His blood pressure gradually fell to low levels, he became 
dyspnoeic, and died 24 hours later. 

The postmortem examination showed a moderate cardiac hyper- 
trophy, a slight degree of atherosclerosis, a progressive vascular 
nephritis and acute haemorrhagic colitis. It otherwise was essen- 
tially negative. There was nothing to support the clinical diagnosis 
of luetic aortitis, coronary thrombosis or myocarditis, and no cause 
for the ‘‘anginal” attacks was apparent. 

Grossly the pituitary body was small, concave above, and its tv-o 
lobes easily distinguishable, the posterior lobe being unusually 
prominent. Serial sections were taken through the entire block, in- 
cluding the hypothalamus, from below upward.* 

The pars distalis shov/s no discernible abnormalities. The clusters 
of basophils are as usual principally disposed toward the anterior 

• The sections from this case were the basis of a recent paper on the secrcto./ »•- 
tivity of tJie two lobes of the gland and manner of their discharge.*' 
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surface of the lobe and are not pathologically numerous. The addo- 
phils are chiefly massed in the deeper portions of the lobe. 

The pars intermedia, despite the almost total absence of a cleft, is 
dearly distinguishable from the pars distalis by the well marked 
limiting zone of basophilic elements which almost ever3nYhere, even 
up to the root of the stalk, are actively invading the pars nervosa, 
here and there sending heavy wedge-shaped columns of cells deeply 
into the lobe (Fig. 24). 

The arterioles encountered in the sections of the hypothalamus 
show precisely the same changes as those affecting the vessels of the 
kidneys, so that the process is a general rather than a local one. 
Numerous minute capillary haemorrhages have occurred in the pars 
nervosa, stalk and tuber. 

This case is one of several in which very similar conditions have 
been found. The patients have usually been of middle age, often 
obese, have shown marked vascular h3;pertension, enlargement of 
the heart, traces of albumin with a few casts, and rare renal elements 
in the urine. They have usually succumbed with symptoms of acute 
pulmonary oedema. The postmortem examination has shown malig- 
nant nephrosclerosis with cardiac hypertrophy and a more or less 
marked atherosclerosis. Fatty infiltration of the liver has been 
common, also macular or ulcerative lesions of the gastro-duodenal 
mucosa. 

4. Hypertension with Atherosclerosis in the Aged 

These are the conditions in which an increase of basophilic ele- ' 
ments sometimes invading the posterior lobe have already been de- 
scribed by Kraus, Berblinger, Erdheim and others. Nowhere, how- 
ever, does it appear to have been suggested that the cellular invasion 
of the neurohypophysis was an indication of posterior lobe activa- 
tion that might be the primary factor in the hypertension, causing in 
its turn the progressive vascular and renal changes so frequent in 
aged persons. 

The cases are so common specific examples need scarcely be given. 

Not only have several instances been met with in our own series but 
during the past few months, since local attention has been drawn to 
the matter, some of the younger pathologists in the several hospitals 
associated with the Harvard Medical School have begun routinely to 
study the pituitary body in all autopsies. Some of them have brought 
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specimens showing marked basophilia of the posterior lobe. Good 
examples of massive invasion occur in the following two cases sub- 
mitted by Dr. John I. Bradley of the Massachusetts General Hos- 
pital. 

Case i i . The patient, a 6o year old labourer, had been known to have a high 
blood pressure for some time before his admission to the hospital on Sept. 21, 
1932, following a cerebral accident. Though conscious and alert, his speech was 
thick and unintelligible. The blood pressure was 180/110 and the eyegrounds 
showed moderate tortuosity and sclerosis of the arteries. On the morning fol- 
lowing his admission he suddenly became tmconscious, the blood pressure fell to 
60/ so, and the body temperature rose to 108.2° F just before death. 


The autopsy showed hypertrophy and dilatation of the left ven- 
tricle with marked generalized atherosclerosis. A thrombus was 
found occluding the basilar and right vertebral arteries, causing an 
infarct of the pons and multiple organized infarcts of the basal gan- 
glia. There was also a pulmonary infarct with secondary oedema 
and congestion. The posterior hypophysis shows a marked baso- 
philic invasion (Fig. 25) with distention by colloid of the adjacent 
Rathke’s cysts. 


Case 12. A 67 year old multiparous Irish housewife was admitted to the 
hospital on April i, 1933, because of intermittent vaginal bleeding for the pre- 
ceding few w'eeks. 

Examination showed an obese, arteriosclerotic w'oman with a blood pressure of 
190/ 100. There was some swelling of the ankles and a slight trace of albumin in 
the urine without casts, and the phthalein excretion was 50 per cent in an hour. 
The cause of her complaint was found to be a large cervical polyp, and her h>per- 
tensive disorder was thought to be sufBciently well compensated to justify the 
risk of surgical intervention. 

An operation accordingly vras carried out on April 8th under gas ox>'gen and 
ether anaesthesia. Convalescence v/as uneventful and a fevr days later the pa- 
tient was about to be discharged from the hospital v/hen she suddenly collapsed, 
became imconsdous, cyanotic and dyspnoeic. It was recognized that she 
ably had a pulmonary thrombosis and an emergency operation was carried out 
with the removal of a small embolus from the right branch of the pulmonary 
arter>'. This operation failed to accomplish its purpose. 

The autopsy confirmed the clinical diagnosis of arteriosclerotic 
heart disease, endometrial polyp, and acute pulmonary embolism. 
In addition there v/as found a duodenal ulcer, a slightly enlarged 
heart, slight atheroma of the coronary arteries without constriction, 


and a moderate atheroma of the aorta. 

The pituitary body, which v/as found to ocaipy a definitely en- 
larged sella, v/as small and flattened. It shows (Figs, 26 and 28) 
a massive basophilic invasion from the pars intermedia which i.-> 
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visible to the naked eye. Everywhere between the viable cells the 
holocrine product is well preserved (Fig. 27), the shadows of the 
swollen nuclei being still discernible in many of the cast-off cyto- 
plasmic masses. 

Sections from a gland showing a degree of posterior lobe infiltra- 
tion perhaps even more marked than in the preceding example have 
been kindly sent to me by Dr, John F. Noble, through the inter- 
mediation of Professor Rasmussen. The history of the case is as 
follows. 

Case 13. The patient, go years of age, was admitted to the Ancker Hospital 
of St. Paul on Jan. 13, 1933. Her past health had always been good and in her 
active years she had been the mother of twelve children. She was extremely 
obese and had a blood pressure of 176/110, She showed evidence of mental de- 
terioration with marked excitation. Albumin was occasionally but not invari- 
ably present in the urine with a few hyaline casts. She died suddenly on March 
16, 1933, supposedly from a coronary occlusion. 

Postmortem examination showed excessive obesity, hypertrophy 
of the right heart, generalized atherosclerosis, and a terminal pul- 
monary thrombosis with marked oedema and congestion of the 
lungs. 

The pihiitary body, cut sagittally, proves to be a cup-shaped gland 
(Fig. 29) with a massive basophilic invasion occupying practically 
the entire anterior half of the pars nervosa (Fig. 30). The invading 
cells bud off in characteristic fashion from the vascular stalks (Figs. 
31 and 32). These stalks show a larger amount of perivascular con- 
nective tissue than is usual and this may conceivably represent the 
consequences of a long-standing process with fluctuation in activity. 

Discussion 

In venturing to interpret the posterior lobe basophilia of eclamp- 
sia, of essential hypertension, and of the atheroscleroses and neph- 
ropathies of the aged in terms of neurohypophysial activation, 
questions immediately arise which some attempt must be made to 
answer. How often does the process occur in persons of supposedly 
normal health? What, if any, is the relation of these basophilic ele- 
ments of the pars nervosa to the cells of the pars distalis which 
appear to be identical in their tinctorial reactions and morphology? 
Are the invading basophils the source of aU the recognized activities 
of extracts derived from the posterior lobe? 
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I. The Frequency of the Process: Doubtless some meaure of pos- 
terior lobe activity is constantly maintained. And if, as is assumed, 
the pars intermedia is responsible for it and the number of free baso- 
phils is an indication of its degree, few glands would, if serially cut, 
fail to show here and there an occasioned ripened cell wandering 
into the pars nervosa. But how often there occurs a massive inva- 
sion, as in some of the cases that have been cited, is impossible to say 
for want of routine postmortem studies of the gland with this par- 
ticular point in view. 

Only a few writers on the pathology of the hypophysis specifically 
mention these “inwandering” elements. Those who do, like Ki- 
yono (1926), merely allude to the fact without interpretation. 
Nor could there scarcely be any, for in his brief protocols of fifty- 
three cases thirty-two showed no invasion, twelve a slight invasion, 
and only nine a copious invasion. In this last group, four were ex- 
amples of vascular disease, three of carcinoma of the breast, one had 
a brain tumor, and the ninth (the only subject below middle age) was 
a suicide. Rasmussen, in his valuable paper (1930) dealing with 
the pars intermedia, depicts a single example of heavy infiltration 
without co mm enting on its possible significance. In a personal com- 
munication he states that in his collection of 240 serially cut glands a 
corresponding degree of invasion has been observed only half a 
dozen times. 

The late Dr. Ernest Southard, for a number of years when pathol- 
ogist to the Department of Mental Diseases, methodically collected 
and sectioned the pituitary bodies of the patients who had died in 
the Massachusetts state hospitals. His successor. Dr. Canavan, who 
continued to add to the material, has kindly permitted my co- 
worker, Dr. Eisenhardt, to go through these sections to get a general 
idea of what they show. The glands were uniformly cut through the 
middle on the horizontal plane so the single sections of each that 
have been preserved are apt to transect the outer angles of tije 
posterior lobe, where the cellular invasion in question is most like y 
to be seen. 

Unfortunately the case histories that go with the specimens arc 
brief. They chiefly relate to the mental status of the patients, an( 
when factors such as blood pressure are mentioned it is difficult to 
teU when the reading may have been lalien, for many of the pauenl.^ 
had long been inmates of tlie institutions in which they died, u 
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leaving all else aside, in a series of loo of these glands, 64 per cent 
showed no basophilic invasion of the pars nervosa whatsoever, 23 
per cent showed a slight invasion, and 13 per cent showed a marked 
invasion. The average age of the thirteen cases was 56 years, the 
ages ranging from 34 to 83. In only two instances was the age below 
40: one was a man of 34 who died of lobar pneumonia, the other a 
woman of 38 with a blood pressure of 170/90 and a postencephalitic 
syndrome. The conditions in the other cases were so variable as to 
bafHe analysis. Naturally many of the older patients were found at 
autopsy to have had arteriovascular disease.* 

As a check on this series of Dr. Southard’s, sections from a large 
collection of pituitary bodies made at the Johns Hopkins Hospital 
many years ago have been gone over, those in which the posterior 
lobe does not happen to be well shown having been excluded. A con- 
secutive series of 100 of these sections from different glands shows in 
sixty-two no basophilic infiltration, in twenty-two a few invading 
elements, in nine a moderately well marked invasion, and in only 
seven a heavy invasion. Serial sections would of course have in- 
creased the number of positive cases. As matters stand the per- 
centages in this and in the Southard series are surprisingly close. 

Much depends naturally on what the terms “slight,” “moderate ” 
and “heavy” indicate, and without suitable iffustrations different 
writers might have different views on the matter. However this 
may be, it may be gathered that in the general run of autopsies a 
heavy posterior lobe invasion is not infrequent. For though Ras- 
mussen’s estimate is low, namely, 2.5 per cent, my series showed 7 
per cent and the Southard series 13 per cent, while in Kiyono’s 
smaller group of cases 17 per cent showed marked invasion. 

2. The Function of the ParsTniermedia\ In accordance with the 
view that the pars intermedia must be the sole source of whatever 
active principle can be extracted from the posterior lobe, the pars 
nervosa is merely the carrier for the secretory product. This is as- 
sumed to find its way in the loose tissue toward the tuberal nuclei, 
and the broken-up appearance of the ependymal cuticle of the in- 
fundibulum “ strongly suggests its partial passage into the cavity of 
the ventricle. 

* In a small selected group of forty-two imbeciles and idiots, in whose study Dr, 
Southard was particularly interested, thirteen (or 31 per cent) showed marked inva- 
sion. The ages ranged from 24 to 72 years, many of the patients having been institu- 
tionalized for a long period of years. 
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Whether the secretion of the pars intermedia imder variable 
stimnK is capable of being chemically altered, or whether its pharma- 
cological action can be qualitatively modified during its transit 
through the nervous tissue, is now impossible to say. But there can 
be little doubt that tmder different physiological stresses or differing 
conditions of disease it is quantitatively variable, the degree of baso- 
philia, as already indicated, being looked upon as a measure of pos- 
terior lobe activity. 

Granted that a few invading basophils may normally be found in 
every gland that is completely studied, how rapidly their number 
may multiply under proper stimulation is unknown. Karplus and 
Peczenik,^^ to be sure, have shown that electrical excitation of the 
tuber will promptly increase the amount of a posterior lobe-like sub- 
stance in the ventricular fluids. But whether such a stimulus long 
continued would actually lead to histological changes indicating 
activation of the pars intermedia does not appear to have been put 
to the test. 

From Cannon’s ejqDeriments it is known that the adrenal medulla 
may be quickly activated and there is no reason to believe that the 
response, of the neurohypophysis to an electrical or emotional stimu- 
lation would be any less slow. In the case of the adrenal glands, how- 
ever, we do not yet know just where to look microscopically for the 
cytological source of the pressor principle, whereas in the neuro- 
hypophysis we apparently now do. 

The several pathologists whose opinion has been consulted in re- 
gard to these matters have mostly raised the objection that a pos- 
terior lobe basophilia may occasionally be encountered in supposed!) 
normal glands. Professor W. G. MacCallum and Professor H- 
Turnbull have both sent me sections from the pituitary bodies of 
persons who have died in consequence of accidents, the glands shor-- 
ing (Figs. 33 and 34) as rich a basophilic invasion as w'as present in 


some of the cases of eclampsia herein described. 

Just w’hat form of neurohumoral stimulation calls forth the baso- 
philic invasion in the first place is undetermined. But it is kno»’-n 
that the posterior lobe receives a richly arborized, non-mjelinatc 
nerve supply from the anterior bj'pothalamic nuclei and its func 
tional activity is probably controlled by a diencephalic mecham?m 
that is highly sensitive to the primitive emotions. And if, as ao 
non has shown, the sjmpalhico-adrenal apparatus can be duxharg'-'' 
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by fright, there is every reason to suppose that the neurohypophysis 
is just as likely, if not more likely, to respond to crude stimuli of 
similar kind. 

That the pars intermedia cells, under profound or prolonged 
nervous impulses, can multiply and ripen with sufficient rapidity to 
invade the lobe and discharge their secretion so as to produce in the 
course of a few hours the pathological picture under discussion may 
be assuming too much. Granting that there was no preexisting 
h5T)ertension of which the postmortem examinations gave no evi- 
dence, and being unaware of how long the patients survived, this is 
the only possible present explanation to offer for the basophilic in- 
filtration of the posterior lobe in these fatal accident cases. How- 
ever this may be, and some better explanation may be forthcoming, 
it is the purpose of this paper to ofier an interpretation of those in- 
stances of posterior lobe basophilia that are associated with a knoimi 
disorder, rather than to attempt an explanation for aU conditions in 
which a similar process is found to occur. 

3. Posterior Lohe Secretion and the Invading Elements’. What are 
these basophilic elements that are taken to be activators of the pos- 
terior lobe, and what is their relation to the basophilic cells of the 
pars distalis? From the fact that in the case of pituitary basophilism 
not only was there a basophilic adenoma of the pars distalis but at 
the same time a marked invasion of the posterior lobe, it might be 
assumed that the elements in both regions had been simultaneously 
affected by the same stimulus, whatever it might be. A wholly 
similar dual basophilia affecting both lobes has also characterized 
some of the eclamptic glands that have been studied. Histological 
similarity, however, does not necessarily imply that the chemical 
nature of the secretory product of the cells is identical. While loth 
to get entangled in the highly controversial subject of the relation of 
the anterior pituitary-like substance, prolan, to the actual gonado- 
tropic hormone of the anterior hypophysis, something nevertheless 
must be said regarding it in connection with the subject in hand. 

Emphasis up to this point has been laid on hypertension as a mani- 
festation of the posterior lobe activation, rather than on other less 
striking and less easily measurable symptoms, but this does not mean 
that other effects, such for example as disturbances of carbohydrate 
and fat metabolism, which are equally well ascribable to posterior lobe 
over-activity, may not at the same time be produced. The associa- 
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tion of diabetes mellitus with adiposity and subsequent hypertension 
has long been appreciated in the clinic and the suspicion of a con- 
comitant (possibly primary) pituitary disorder been aroused. That 
all three of these conditions are striking features of pituitary baso- 
philism can scarcely fail to be of significance. 

That the posterior lobe might contain a gonadotropic substance, 
however, would scarcely be expected. Pighini (1932) has reported 
that extracts of the human anterior h)7pophysis and tuber, as weU 
as the cerebrospinal fluid from the third ventricle, give positive 
Aschheim-Zondek tests in immature rats. There would, however, 
be no way of telling whether the gonadotropic substance in tuber 
and cerebrospinal fluid had been transported from pars distab's by 
the h)^ophysio-portal veins or whether it had come from the pars 
intermedia. To this question with great profit Zondek and his col- 
laborators have recently turned their attention. 

One of the weU known properties of posterior lobe extracts ob- 
tained from the glands of animals is its melanophore-expanding 
capacity when tested on batrachians. While the posterior lobe 
hormone or hormones are not normally present in sufficient amounts 
in the blood to be definitely detectable it had, however, been ob- 
served by Kiistner, by Ehrhardt, by Dietel and others, that a 
melanophore-expanding substance appears in the blood serum of 
pregnancy and can be found in high concentration in the serum of 


eclamptics. 

Zondek and Krohn a year ago (1932), after a series of ingenious 
experiments in which the European minnow was used as a highly 
satisfactory test object for the melanophore reaction, announced 
that the juxtaneural strip of both the human and bovine hypophysis 
contains an excess of this component of posterior lobe extracts which 
is neither detectable in the pars distabs nor in the remote portions of 
the pars nervosa. The active substance, which was called “inter- 
medin,” can be traced through the stalk and the tuber, and it is 
demonstrable in small amounts in the fluid content of the third 


ventricle, though not elsewhere in the cerebrospinal fluid spaces. 

Thus one at least of the constituent properties of posterior lobe 
extracts has been shown to be more highly concentrated in the zone 
of the pars intermedia from which it is in all certainty elaboratcf . 
But Zondek has gone still further and in the present year (19,33) 
shown that in the human (but not in the bovine) hypophy.^^is a sex- 
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maturing substance identical with prolan A is present in this same 
strip of posterior lobe which lies adjacent to its epithelial investment. 
Traces of it are also found in the stalk but not in the third ventricle, 
in which respect it differs from intermedin. Under the influence of 
Berblinger, Zondek concludes that this substance represents the in- 
wandering basophils from the pars distah's (szc). Prolan, be believes, 
must therefore be derived from the basophilic elements of the an- 
terior lobe. 

From w^hat source the human glands used in these experiments by 
Zondek were obtained and to what maladies the subjects may have 
succumbed is not mentioned. Nor could tlie tissues have been used 
both for the making of an extract and for the histological demon- 
stration or otherwise of an active posterior lobe basophifla. It is 
quite probable, however, that had the posterior lobe activation by 
basophils in these glands been sufficiently marked, the sex-maturing 
substance might also have been demonstrable in the fluid of the third 
ventricle. Hints suggesting this possibility have been provided from 
another source, namely, from the studies by certain gynaecologists. 
The evidence at hand has been summarized briefly as follows by 
Eugen Kulka. 2 ® 

Aschheim, in searching for foUicle-ripening substances in various 
fluids and tissues of pregnant women, failed to find any trace of such 
a substance in the cerebrospinal fluid. Califonza, on the other hand, 
believed that he had detected its presence in fifteen out of the 
twenty-eight fluids examined. Ehrhardt found prolan A in the 
cerebrospinal fluid in three cases of eclampsia, in one preeclamptic, 
and in a gravid woman suffering from carcinoma; and Heim states 
briefly that he had corroborated these findings in eclamptics. Kulka 
investigated the lumbar fluid from twenty-five gravid patients, seven 
of them with symptoms of marked eclampsia. The Aschhehn-Zon- 
dek test was negative in the fluid in all but six of the patients. Of 
the six cases showing a positive reaction one had intra partum 
eclampsia with a blood pressure of 190, labour having been induced 
by forceps. Another was a postpartum eclamptic with a blood pres- 
sure of 200, oedema of the extremities and albumin in the urine. The 
third patient bad a cystic chorionepithelioma and three others were 
examples of marked hyperemesis gravidarum. 

While the evidence given by these several writers is suggestive 
rather than conclusive, it is remarkable that imder any circum- 
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stances of posterior lobe activation an active principle should be 
found in the cerebrospinal fluid obtained by lumbar puncture. 
Could the fluid from the ventricles have been examined, or even that 
from the posterior cistern, the chance of detecting the substance 
looked for would have been vastly greater. 

More important are the recent biochemical studies by Ansehnino 
and his collaborators, to which allusion has already been made. In 
their more recent paper ^ (1932) it is claimed that the active sub- 
stances found in the blood of eclamptics are identical with the cor- 
responding fractions of posterior lobe extract and that their amount 
varies quantitatively with the severity of the symptoms. They as- 
sume that the combination of excessive pressor and antidiuretic 
effects leads to arteriolar and capillary spasm with water retention 
and oedema of the tissues. When the brain becomes oedematous 
convulsions and coma are produced and there is usually a terminal 
oedema of the lungs. They believe that overproduction of the pos- 
terior pituitary hormone affords the only consistent explanation of 
these phenomena. All this seems the more plausible in view of cer- 
tain observations such as those by Rowntree,®® by Dietel,^“ and by 
McQuarrie and Peeler on the clinical and pathological conse- 
quences of experimental water intoxication, v/hether produced by 
administering excessive amounts of water or by the antidiurctic 
effect of posterior pituitary extracts.* 

While the studies mentioned above are highly suggestive, they are 
concerned with some of the better known properties of posterior lobe 
extracts and have no apparent bearing on the possible production by 
the posterior lobe of the sex-maturing substance that Zondek has 
found to be present in the juxtaneural portion of human glands. In 
this connection the following observations would seem to be of great 
significance. 

Drs. G. Van S. and 0 . W. Smith of Boston have recently shown 


that the blood and urine of toxacmic patients in late pregnane} 
contain a far larger amount of the anterior pituitary-like substance 
(prolan) than ordinarily occurs in pregnancy. They have further 
demonstrated^^ in a second communication that a quantitative 


imbalance between prolan and oestrin is characteristic of the 


• EiTorts to produce in cnimnl; lesions in the liver and kidncjTt comparable to 
clmractcrizlng human eclampsia by administering posterior lobe extracts r..avc • 
highly oontrariictoiy' (e. g,, the papers by Dicte!,*^ by Fauvet,®* .and by Ohligm-aclicr 
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toxaemias of late pregnancy. The number of rat units per 100 cc. of 
blood serum in twelve gravid women without s)Tnptoms averaged 
50, in eighteen toxaemic patients 250, and in five eclamptics 480. 
The amount of oestrin was correspondingly diminished. In the 
course of tliis study the interesting observation was made on a gravid 
woman with diabetes insipidus that the amount of pituitrin neces- 
sary to control the polyuria was greatly diminished during the 
months of child-bearing. 

It can be gathered from all this that information from many 
sources points toward a hyperactivation of the posterior lobe in these 
h5’pertensive states. And if we are to believe, as some of the ob- 
servations strongly suggest, that prolan is a product of posterior lobe 
basophilia, while the gonadotropic substance extracted from the an- 
terior lobe is derived from the basophils of that part of the gland, the 
difference in the reactions of these two sex-maturing substances, 
which so many have pointed out, may thus be accounted for. 


Summary and Conclusions 


The active principle of the posterior lobe and its several fractions 
must under all circumstances primarily be derived not from the pars 
nervosa but from its epithelial investment the pars intermedia. 

When the posterior lobe of man is functionally dormant the pars 
intermedia is inconspicuous, but so soon as it is activated the invest- 
ing cells become transformed into basophilic elements, which m cer- 
tain areas invade the pars nervosa. When their cytoplasm becomes 
fully ripened the cells eventually lose their staining qualities, change 
first into discernible “hyaline bodies” and then into a fluid product, 
which apparently makes its way through the loose tissue spaces o 
stalk and tuber in the direction of the infundibular ventricle and t e 


adjacent hwothalamic nuclei. . 

Under certain circumstances the invading basophils with their 
desquamated products are greatly increased in number and the 
ceUular infiltration assumes a massive character. This is looked upon 
merely as a pathological exaggeration of the nomal secretoiy process 
and its degree is regarded as a measure of the hyperactivation 

An extrLe example of posterior lobe basophilia of *is sort has 
been observed in a case of so-called “pituitary basophilism, asso- 
ciated with a functionally active basophilic adenoma of the pars dis 
talis. This polyglandular disorder chiefly affects young persons and 
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is characterized, among other symptoms, by vascular hypertension 
together with disturbances of carbohydrate and fat metabolism. As 
these s5miptoms suggest a posterior rather than an anterior lobe 
effect, it was assumed that the posterior lobe basophilia represented 
something more than an overflow of these elements from the an- 
terior lobe. 

It has been shown by Anselmino and his collaborators that the 
blood of eclamptics with oedema and marked hypertension contains 
antidiuretic and pressor substances, whose effects correspond to 
those produced by posterior lobe extracts. They therefore claim 
to have proved what others had suggested, that the toxaemias of 
pregnancy were due to the overproduction of the posterior lobe 
hormones. 

In serial sections of six out of nine pituitary bodies from fatal 
cases of eclampsia a heavy infiltration of basophilic elements in the 
posterior lobe has been disclosed, and the same condition has been 
observed in a number of glands from cases of essential or nephrovas- 
cular hypertension, also serially cut and examined. That in advanc- 
ing years there is a tendency for the basophilic cells thus to wander 
in large numbers into the posterior lobe has long been known. It has 
been looked upon merely as a concomitant of old age, particularly 
when attended by atherosclerosis and renal disease. 

Pathologists have recognized in eclampsia distinctive lesions in the 
liver to which the disorder has customarily been ascribed. In essen- 
tial hypertension, likewise, lesions affecting the terminal arterioles 
of the kidneys have been thought to indicate a primary nephrovas- 
cular disorder. Necroses in eclampsia, however, arc not limited to 
the liver, nor are the terminal arteriolar lesions in essential h>^cr- 
tension confined to the kidneys. In neither instance do the histo- 
pathological findings satisfactorily account for the clinical s>Tiip* 
toms. 

From the observations presented the conclusions are dravm: (i) 
that tlie source of these hypertensive disorders lies in the postenor 
lobe of the pituitary body; (2) that the extent of basophilic invasion 
from the pars intermedia is a measure of posterior lobe activit) , 
and (3) that excessive infiltration by these elements represents t ic 
histopathological basis of eclampsia and essential hypertension m 
young persons and may possibly also be related actiologicall> to t ic 
atherosclerosis of old age. 
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Whether the general hypothesis herein advanced should or should 
not prove on further study to be in all its features wholly correct, it 
will nevertheless provide an incentive to include a detailed study of 
the neurohypophysis in forthcoming postmortem studies of dis- 
orders in which hypertension is a distinguishing feature. 
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DESCRIPTION OF PLATES 


Plate 54 

Fig. I. Massive posterior lobe invasion from a case of pituitary 
basophilism (mag. x6o). 


Fig. 2. Section (mag. x 9) from the Raab-Kraus case of basophilic 
adenoma presumably arising from pars intermedia {cf. Fig. 3)’ 
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Plate 54 
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Plate 55 

Fig. 3. Squared area from Fig. 2 (mag. x 80) showing infiltrating 
basophils in a zone remote from the adenoma. 


Fig, 4. T}q>ical cone-shaped area of basophilic invasion from outer 
angle of pars intermedia in a case of presumed eclamp.sia (mag. 


X 80). 
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Plate 55 



















Plate 56 

Fig. 5. (Case 2.) Posterior lobe infiltration by basophils from 
case of eclampsia with lupertension (mag. x6o). 


Fig. C). (Case 2.) Showing (mag. x 300) in center of par? nervo-a 
accumulations of hyaline masses (Herring) in the spaces that 
are bounded by the “baskets"' of neuroiibrils. 
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Plate 57 

Fig. 7. fCase 3.) Invasion of basophilic elements from pars inter- 
media in a case of eclampsia. Note separation from pars an- 
terior (upper left) by large colloidal mass reopening residual 
cleft (mag. x 60). 


I'lG. 8. (Case 3.) Shov/ing (mag. 
crine secretion iii :uui among 
elements. 


X 560) ma.^-ses OJ granular la'l.t- 
tongue.- of invading b.a-opjriln 
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Plate 58 

Fig. 9. ( Case 4.) Posterior view of block of tissue v.-ith large gland, 
bulging posterior lobe and juic\’ tuber in case of eclampsia. 


Fig. 10. (Case 4.) Horizontal .section (.Section 1260) through lower 
portion of posterior lobe to show widespread encirclement by 
actively invading basophils (mag. x 20). 


F?g. I s 


■'Case 4.1 Sl’iowing area fmag. x Ooj .'squared in big- JO. 
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Plate 59 

P’ro. 12. (Case 4.) Showing fSection 3060, mag. x 15) strand of 
ba?oj)hils (arrov.-) in lower stalk. At this level through upper 
{)art of gland the pars tuberalis showing above has just become 
free from pars distalis. Insert (P'ig. 12a) shows (Section 3510. 
mag. X 15) same strand of viable cells still traceable in free 
stalk. 


If -. •'< 'l o .^how fmag. y. 600} the holocrine rli.scharge 

o! fjivfrad betwea-n invading elements. Note ghtjsis of 
i’i M-veral of the .-ecretory masse.s. 
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Plate 6o 


14. f Ca5e 5.) Showing (mag. x 80) one of two areas of morl- 
erale conical infiltration traceable in other sections into center 
of ])ars nervosa. Insert shows the posterior view of the speci- 
men ('natural size) with pituitar}' body below. 


IS. (Case ;.) Slunvinj: 1 mag. x 230} })ar.« inlermcclia activity 
wit'n formation of liathke'.-^ cy.^ts lined by ripened ba^ojihils. 
Par- di-laiis 'abovr! separated by cleft from po-t<‘rior lobe 
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Plate 6o 
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Plate 6i 


Fk;. 1 6. (Case 6.) Section 630 (mag. x 8) showing large anterior 
lobe with entire cleft flistended by colloid. Posterior lobe some- 
what damaged in removal. Basophilic invasion from pars inter- 
media in .squared area. 


?7. 'Ca-v 6.) Squared area from above finag. 
fr<'>Tn par.-- infi'rnu-dia. 


X 70) showing 
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Plate 62 


Fig. 18, fCa.se 0 .) Section 1710 (mag. x 8) taken at level where 
.=;ta1k of posterior lobe is forming and large portal sinusoids are 
congregating toward it. Note large basophilic adenoma in 
posterior lobe. 


f'hc.. {(). Casirf).) .'Section 2250 fmag. x 8) showing adenoma fad- 
icig nil at posterior edge of pars nervo.^a. At this level ihc })ilu!- 
tary >t;dk has already formed and the p)rlal vessels are clearly 
rmliating backward tov.'ard it in what will become pars 
luheraii-. 
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Plate 62 






20. (Case 6.) To show (mag. x 150) general character of 
adenoma whose cells bud off from capillary stalks. 


. 21. iCaH* 6.! Showing on higher magnitication ( y.Oco) the 
typically vacuolated has<^jj>liilic elements of the adenoma. 
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Plate 64 

Figs. 22 and 2.^ Showing (mag. x 80) Ihc rclalively slight degree 
of invasion in Case 7 (above) and Case 8 (below). 
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Plate 65 


Fig. 24. (Case 10.) Zone of activated basophils from pars inter- 
media from a case of essential hypertension (mag. x 60) in a 
man of middle age. 


I'm. 25. it'a'C ii.j Showing (mag. x ho) jjosterior lobe invasion 
in a Oo year old man with hy]>erten.'if)n and atliero.^ck-rosis. 
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Plate 66 


Figs. 26 and 27. (Case 12.) Sagittal section (mag. x 8) of .small 
gland from 67 year old woman w'th marked hypertension and 
heav\' posterior lobe invasion. In Fig. 27 (mag. x 600) are 
seen well prcscrv'c-d masses of holocrine secretion showing 
ghosts of swollen nuclei. 


Fig. 2.S. K'ase 12.) Showing (mag. x 4c) the area of massive in- 
vaMon easily visible to the unaided eye (V/. Fig. 26), 
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Pl-ATE 67 


Fig. 29. (Case 13.) Sagittal section (mag. x 8) from gland of an 
aged woman with atherosclerosis, showing massive posterior 
lobe invasion. Arrows point to position of cleft. 


30. (Case 13.) Showing on higher magnification ( x 30) the 
full e.Ktenl of the infiltration. A corner of ])ars distali.‘^ shows 
in the lower left corner. 






Plate 68 


Fig. 31. (Case 13.) Posterior fringe of invading elements. 


(Cast- 13.) Squared area from Fig. 31 (mag. x H50) to .‘^hou' 
Uq)icai vacuolated cytoplasm of basophilic elements. 
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Figs. 33 and 34. 
dental death. 


Plate 69 

Moderate invasion ( x 60) in two cases of acci- 
(Kindness of Professor Turnbull.) 
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CARDIOVASCULAR RENAL CHANGES ASSOCIATED WITH 
BASOPHIL ADENOMA OF THE ANTERIOR LOBE OF THE 
PITUITARY (CUSHING’S SYNDROME)* 

H. E. MacMahon, M.D., H. G. Close, M>B., and George Hass, M.D. 

(Front the Pathological Departments of Tiifls College Medical School, Boston, Mass., Guys 
Hospital, London, England, and the Peter Bent Brigham Hospital, Boston, Mass.) 


This brief report is submitted through the kindness and encourage- 
ment of Dr, Cushing of the surgical department of the Peter Bent 
Brigham Hospital in Boston, and Drs. Bishop and Close of the 
pathological department of Guys Hospital in London, who have 
allowed us to make histological studies of the kidneys and other 
organs from patients shomng clinical signs of pituitary basophilism. 

When one groups together the cases reported of basophil adenoma 
of the pituitary in order to study and to unravel the complex clini- 
cal syndrome one finds recurring with a marked regularity certain 
signs and S3Tnptoms indicative of cardiovascular renal pathology. 
Emphasis has already been focused on this point by Cushing ^ 
and others, but we can find no mention in the literature as to Just 
what type of cardiovascular renal pathology occurs in such cases. 
Is it possible that it is merely a coincidence that a cardiovascular 
renal picture should be found in patients showing this rather rare 
disease, or are we dealing here with a cardiovascular renal problem 
that is definitely an intrinsic part of the syndrome of pituitary 
basophilism? 

In a group of patients showing pituitary basophilism, recently 
reported by Cushing, none had passed middle life but the blood 
pressure, both systolic and diastolic, was elevated and at times 
associated with headache, blurring of vision and retinal hemorrhages. 
In many cases years passed before signs and S3unptoms suggesting 
renal pathology appeared, and then they were sometimes transitory 
and variable. A clinical study of the “ formes frustes’^ of pituitary 
basophilism offers little help in identifying the nature of the cardio- 
vascular renal lesion associated with basophil adenoma, where an 
elevated blood pressure together with a large heart may be the only 
noteworthy finding, A study of the advanced cases, on the other 

^ Received for publication December 8, 1933. 
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hand, offers a possible key to this solution. In such patients one may 
find in addition to the hypertrophy of the left ventricle and hj^per- 
tension defective excretion of phenolsulphonephthalein, an eleva- 
tion of the non-protein nitrogen of the blood, a fixed specific gra\’ity 
of the urine, a failure to dilute and concentrate fluids or to concen- 
trate urea when taken orally, and lastly, one may find on examina- 
tion of the urine a variable amount of albumin, hyaline and cellular 
casts, poljTnorphonuclear leukocytes, desquamated epithelial cells 
and varying quantities of erythrocytes. Edema may be present. 
Such findings as these have led to the following diagnoses: chronic 
nephritis, vascular nephritis, and granular atrophy of the kidney. 

If one disregards for a moment such symptoms of pituitary ba- 
sophilism as adiposity, kyphosis, amenorrhea, hypertrichosis, a ple- 
thoric appearance of the skin, polycythemia and backache, and 
focuses on the cardiovascular renal problem alone, one secs at once 
a striking similarity to the clinical picture of malignant nephroscle- 
rosis, as originally described in 1914 by Volhard and Fahr.'^i ^ This is 
characterized by an elevated blood pressure, a large heart, an in- 
crease in the non-protein nitrogen in the blood, a diminution in the 
concentrating and diluting power of the kidney, polyuria, ncurorct- 
initis and uremia. Edema may or may not be present. An exami- 
nation of the urine in these cases will show albumin, granular, 
hj’aline and cellular casts, polymorphonuclear leukocytes, and fre- 
quently frank blood. One may find similar signs and symptoms in 
chronic glomerulonephritis, but the course of both disease and the 
relation and sequence of symptoms to one another in clironic glo- 
merulonephritis and malignant nephrosclerosis differ. In the latter 
disease, early and even in more advanced cases the cardiovasailar 
sjTnptoms stand far in the foreground. An elevated blood pressure 
and left ventricular hj’pcrtrophy that may by chronic glomerulo- 
nephritis be slight or absent arc developed in patients with malig- 
nant nephrosclerosis to a remarkable degree. 

In July of the summer of 1933, while visiting the pathological 
lalxmator^* at Guy.s Hospital, London, t\vo of us with Dr, Osman 
had the opf>ortunity to study hi.stologiailly tissue from a case of 
basophil adenoma of the anterior lobe of the pituitary, v,-hich h.nd 
recently been rcfxjrted by Bishop and Closc.*^ To our surprise the 
histological picture v,-as similar to that of malignant nephro'clerosiiL 
On returning to America, Dr. Cushing, who has long been interested 
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in this same problem, allowed us to study sections from the kidney 
from one of his cases of basophilic adenoma of the pituitary,* and 
this, like the case of Bishop and Close, showed without question the 
histological findings of malignant nephrosclerosis. 

Malignant nephrosclerosis, neither clinically nor at the autopsy 
table, is a common disease: in contrast to the frequency with which 
one meets patients with benign essential hypertension, malignant 
nephrosclerosis is rare. The purpose of this paper, however, is 
neither to describe nor to discuss in detail the clinical and histologi- 
cal changes of malignant nephrosclerosis, but rather to point out 
an extremely interesting clinical and pathological finding, namely, 
the presence of malignant nephrosclerosis in two patients with 
basophil adenoma of the anterior lobe of the pituitary. 

Case Reports 

Case i. C. P. (case reported by Bishop and Close®), was a normal child until 
the age of ii years, when she stopped growing and began to gain weight. She 
developed a ruddy complexion and her hair began to fall out. Menstruation 
began normally at the age of 14, but after a year the periods ceased, and except 
for 3 consecutive months, when she was 18 years of age, she suffered from 
amenorrhea. From the age of 14 onward she experienced severe headaches 
which occurred regularly every month. Six months before death the sight of 
the left eye became affected and 2 months later symptoms of excessive thirst 
and pol3mria became manifest. There was also frequent backache. 

At the age of 22, in November 1930, she was admitted to Guys Hospital. 
She was kept under observation for some time and was then discharged, but 
was readmitted a short time before death. On admission the most striking 
features were the very red complexion, dry scaly skin, hairiness of the face, 
chest and abdomen, and the stunted growth. A beard sufficient to necessitate 
the use of a razor was present. There was a patchy red erythema localized par- 
ticularly to the left arm. She was slightly knock-kneed and there was a de- 
formity of the left wrist and right hand. A radiogram showed a fissured fracture 
of the lower end of the left radius and a rarefaction without evidence of inflam- 
mation of the head of the fourth right metacarpal bone. While in the hospital 
the patient slept badly and complained mainly of thirst. Occasionally there 
was a feeling of suffocation. The headaches were troublesome and on many 
occasions the blood pressure was as high as 300 mm. Hg. After she had been in 
the ward for about a fortnight she had the first of a series of fits, which were 
relieved on three occasions by venesection, while lumbar puncture was per- 
formed about twice a week. Her intelligence was in no way impaired although 
her illness worried her a great deal, and she frequently resorted to tears. Her 
eyesight troubled her and there was a marked degree of retinitis with silver wire 
arteries and a scotoma of the left eye. Examination showed the heart to be 
slightly enlarged to the left with a loud aortic second sound. The average 

* See Ref. 3, page 521. 
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blood pressure readings were 250/180 mm. Hg. The hemoglobin was 95 per 
cent. Records of the blood picture are unfortunately not available but it is 
believed that a red cell count was never higher than 5,000,000. The blood urea 
was 43 mg. per 100 cc. Blood sugar tolerance test showed delayed return to 
normal with a high fasting figure (0.14 gm. per 100 cc.). The blood sugar went 
up to 0.25 per cent and \ras still raised after 2 hours (0.21 per cent). The blood 
cholesterol was also slightly above normal (0.185 per cent instead of 0.150 per 
cent). The Wassermann reaction was negativ'e. The serum calcium figure was 
within normal limits. 

.\n investigation of the urine showed albumin and sugar to be present but no 
acetone. Pus, fatty and hyaline casts were also demonstrated. The concen- 
trating power of the kidney was slightly defective. Shortly after the second 
admission to the hospital signs of acute edema of the lungs developed suddenly 
and death occurred. 

WTicn \vc e.xamine this report and focus our attention on the 
cardiovascular renal problem alone, we find a young person wath 
marked li}^ertension and a large hypertrophied left ventricle, suf- 
fering from headaches and disturbances in vision. An examination 
of the eye grounds revealed a marked degree of retinitis. The blood 
urea was considerably elevated and the blood cholesterol was above 
normal. The urine shovfed albumin, casts of various sorts and de- 
fective concentration. Surely from such findings our clinical diag- 
nosis would rest between chronic glomerulonephritis and malig- 
nant nephrosclerosis, and tyhen one considers the sequence of events 
the latter diagnosis is much more likely. 

Poslmorlcm Examinaiicn 

External e.xamination of the cadaver shouted an obese, stunted 
l>ody with hair over the entire abdomen and on the chest. There 
were many hemorrhages beneath the skin of the limbs. The pitui- 
tary fossa and its contents w’crc preserved. There was considerable 
edema of the lungs with an e.xcess of frothy fluid in the bronchi. 
The left ventricle was hypertrophied and dilated, and the heart 
muscle pale and mottled. Exten.sivc arteriosclerosis v.-as found 
throughout the vessels. The liver wm.s passively congc.sted and the 
pancreas greatly reduced in size, 'fhe spleen and suprarcnals v.'crc 
normal. 'The kidney.*;, v/hich were rather small, showed .scarring of 
the siirface, which had a “flea-bitten’' appearance. Tlicre were 
several hemorrhajjes beneath the mucosa of the bladder. 7’hc 
utenns was infantile in t>'|>e vdiilc the ovaries; were small and with- 
out visible evidence of Graafian follicles. 
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Again to review this report, focusing our attention once more on 
the cardiovascular renal problem, we have marked hypertensive 
hypertrophy of the left ventricle, diffuse arteriosclerosis, a granular 
kidney, with hemorrhages into the kidney, bladder and skin, and 
finally terminal pulmonary edema, which is so commonly seen in 
death associated with malignant nephrosclerosis. 

Microscopic Examination 

The entire kidney is severely injured by a chronic diffuse path- 
ological process involving the vessels, the glomeruli, the tubules and 
stroma, leading to an almost complete reconstruction of the par- 
enchyma and sclerosis of the interstitial tissue. The vessels show 
a varied picture. In a branch of the renal artery the intima is thick- 
ened by a narrow polster made up of a fibrillary ground substance 
staining blue by the Mallory anilin blue stain and showing flecks, 
shreds, and clumps of fibrin near the endothelial surface. The most 
recently formed portion of this polster is adjacent to the endothelium 
where it appears to have an almost semifluid appearance in which 
fibrils are poorly formed and appear more like lines and threads of 
coagulated protein, which show no definite order or arrangement. 
Farther away from the liunen this polster varies in structure and 
takes on rather a band-like arrangement in which cells are separated 
by well formed collagen fibrils. Just inside the original elastic interna 
there is seen in the Mallory anilin blue stain a bluish yellow, clear 
hyaline band, very narrow and showing fine reddish dots. This 
lamella in the elastic tissue-stained preparation is moderately posi- 
tive so that we have here probably the beginning of a second elastic 
lameUa arising in ground substance. The original elastica interna 
is fragmented, stains irregularly and in places is impregnated with 
calcium. The media of this vessel shows two interesting features: 
first, a hypertrophy of the individual muscle fibers, and second, a 
great increase in fibrillary ground substance between the muscle 
fibers. The adventitia is little changed. This vessel is large, the 
waU is generally thickened and the lumen is larger than normal. 
As one follows the large artery to the interlobar branches one finds 
in the latter a similar change, namely, a sHght intimal and medial 
thickening, and the lumen is wider than that of a normal interlobar 
artery in a patient of the same age. In places the smooth muscle 
fibers show regressive changes, with disintegration and disappear- 
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ance. In the arcuate arteries one again sees this vascular hypertrophy, 
vith dilatation of the lumen and regressive changes in an already 
h>'pertrophied muscular media. The lohilar arteries show a strik- 
ing change from the three sizes of vessels already described (the 
renal, interlobar and arcuate). Here the media is devoid of muscle 
fibers. It is represented merely by a blue-staining fibrous wall that 
in some places is not clearly defined from the surrounding stroma. 
Here and there an occasional muscle fiber is still recognizable. The 
basement membrane is not swollen and, except for areas where it 
has disappeared or ruptured, appears imchanged. Between the 
endothelium and the basement membrane one finds a bluish fibril- 
lary substance (using the Mallory anilin blue stain) often contain- 
ing delicate fibrin threads and not infrequently filled with large 
coarse clumps of fibrin and red blood cells. Occasionally fibrin and 
red blood cells may be traced throughout the wall. In these vessels 
the lumina are greatly narrowed and not infrequently obliterated by 
fibrin thrombi, or simply by the accumulation of subendothelial 
ground substance or the accumulation of nests of large “foam cells.” 
There is no lamellar elastosis in these lobular arteries. The ajfercnt 
arterioles to the glomeruli show changes resembling those in the 
lobular vessels just described, with necrosis of the wall and fibrin 
thrombi in the lumen on the one hand and old healed sclerotic ves- 
sels with occluded lumina on the other. The type of sclerosis here 
is cliaracterized by a lamellar arrangement of fibrous tissue beneath 
the endothelium in wliich cells and fibrils form concentric whirls 
within one another, greatly narrowing the lumen. 

The glomeruli show a varied picture. About 70 per cent of those 
seen in the sections examined show a rather characteristic ischemia, 
together vrith an increase in cells and ground substance, and in con- 
trast to the normal glomerulus tliey are large. There arc clusters 
of glomeruli usually just beneath the capsule which show the simple 
hyaline transformation with thickening of the capsule. The most 
interesting glomerular lesion is the fresh fulminating degenerative 
and inflammatory' lesion associated with aneurysmal dilatation of 
the c.apillaries, hemorrhage and fibrin within the lumina and 
throughout the ground substance, so characteristic of malignant 
ncphrosclerosi.s. Where this lesion is somewhat older there is 
proliferation of Ixith endothelium and epithelial celh with dcr/jua- 
mation and adhesions between the capillary loops and from the 
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capillary loops to the capsular wall. This may be associated with 
proliferation of the cells along the capsular wall. Where the lesion 
has healed many of the cells have disappeared and the glomerulus 
itself may no longer be easily recognizable.' One finds acute lesions, 
others that are healing, others that have healed, and still others 
showing recurrent fresh lesions in glomeruH that have long ago 
healed. These lesions appear at times isolated and at times in small 
dusters of glomeruli fed by the same lobular artery. 

The iubules show as variable a histological picture as that in the 
arteries and glomeruli, and like the changes in both of those one 
finds both fresh and old lesions. The most interesting change is the 
almost complete absence of well differentiated proximal convoluted 
tubules. A search for such clearly recognizable proximal convoluted 
tubules in which one seeks a rather characteristic type of epithelium 
reveals only here and there small scattered islands; and the cells 
lining these show albuminous granular degeneration, hyaline droplet 
degeneration and, in places, necrosis. The great majority of tubules 
are small, collapsed and poorly differentiated, and lined by small 
atrophic cuboidal cells. The lumina are narrow and contain little 
precipitated protein. A third type of tubule commonly found also 
lacks differentiation and is characterized by marked dilatation with 
endothelial-like cells lining the wall. Mitoses in such tubules are 
quite co mm on and their lumina contain precipitated albiunin, a few 
polymorphonuclear leukocytes and red blood cells. In a few areas 
the tubules have entirely disappeared. This, however, is a rare find- 
ing and is best seen at the tips of the papillae. 

The stroma in both cortex and medulla is increased. When 
stained by the Mallory anilin blue stain it appears as a blue-staining, 
finely fibrillar groimd substance, which is most marked in areas 
where the tubules are small and atrophic or where they have disap- 
peared entirely, but is also present, though to a much less degree, 
about the tubules that form the islands of still recognizable proximal 
convoluted tubules. This material has the same structure, stain 
and character as the material beneath the endothelium of the 
arteries. There are small foci of the lymphocytes limited largely 
to the areas of sclerosis. 

The veins and capillaries are dilated, especially the capillaries sur- 
rounding the tubules, but there are no hemorrhages from these 
vessels into the stroma. 
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The basement membrane in vessels, glomeruli and tubules shows 
a series of interesting changes. In the arterioles, as already men- 
tioned, it is in places broken up and absent. In the glomerular 
capillaries it is separated from the endothelium by a newly formed, 
finely fibrillar ground substance. The basement membrane forming 
the glomerular capsules is here and there thickened. On the tubules, 
especially where they have collapsed, the basement membrane is 
thickened and somev;hat irregular, and here and there one finds a 
fine fibrillary ground substance between the collapsed epithelium 
and the original basement membrane — a picture corresponding 
ver>'' closely to the accumulation of fibrillary ground substance 
beneath the endothelium in the smaller vessels. 

To smnmarize these histological changes, we find a severely 
damaged kidney; the larger arteries show vascular hypertrophy, 
the smaller shovr regressive changes, necrosis, thrombosis and hemor- 
rhage. Some show healed lesions, others fresh lesions and still others 
show chronic lesions, occasionally with fresh hemorrhage superim- 
posed. The glomeruli for the most part are still readily recognizable, 
being large, anemic and rich in cells. There arc areas in which the 
glomeruli show acute, healing, healed, chronic and recurrent de- 
generative and inflammatory processes characterized by hemor- 
rhage, necrosis and cellular proh'feration leading in places to 
half-moon formation -within the capsule. The tubules are severely 
injured; only nests of recognizable proximal convoluted tubules 
are present. The majority are small and atrophic -while others arc 
dilated, poorly differentiated and filled with coagulated protein, 
desquamated epithelial cells, polymorphonuclear leukocytes and 
erytlirocytes. The stroma is diffusely increased, the veins and capil- 
laries arc congested. Such findings as these are neither compatible 
with chronic glomerulonephritis nor with benign nephrosclerosis, 
but arc characteristic of chronic malignant nephrosclerosis which 
has been progressing with remissions for .several years. 

In keeping with this picture of malignant nephrosclerosis the 
spleen, liver, intestine and ovar>' reveal the same variation and 
character of histological changes in the smaller blood vessels. In 
the spleen many of the small arterioles show fibrin throughout the 
wall ai'fd occlusion of the lumen, and still others show' marked 
swelling of the basement membrane *.vith partial occlusion of the 
lumen. In the ovr.ry the.sc changes are especially marked where 
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some of the small vessels are almost completely transformed into 
walls of fibrin. 

ft 

Case 2. H. P. (case reported by Cushing ®), an unmarried, white female, 33 
years of age, entered the hospital with a history of two periods of amenorrhea. 
The first attack was of i year and 8 months duration, occurring when the 
patient was 20 years of age. The present attack began i year and 3 months ago. 
She was bom of healthy parents and attained normal adolescence at the age 
of 13, when she later grew into an intelligent, vigorous and ambitious young 
woman. She entered college at 18 but became unhappy there and withdrew at 
the end of the second year. She ascribes this to restlessness and emotional 
instability. In 1919, when she first ceased to menstruate, she developed a 
ravenous appetite, gained weight rapidly, particularly in the face and abdomen. 
During the summer of 1919 she broke her ankle. Purplish striae of the body 
and arms began to appear at that time. In December of 1919, she found her- 
self easily fatigued and acquired a definite polyuria and polydipsia. At the 
same time headaches occurred, with blurred vision, tinnitus, dizziness and 
numbness of the hands. 

Toward the end of February 1920, because of a sudden fainting attack, she 
came under the care of Dr. E. P. Joslin, who found there was a moderate hyper- 
glycemia with glycosuria, and a basal metabolic rate of — 30 per cent. On March 
13, 1920, she was first seen briefly in consultation with Dr. Joslin. The facial 
hypertrichosis and the peculiar disposition of the adiposity with extraordinarily 
widespread striae atrophicae, associated with a moderate h3q)ertension of 
140/100, indicated a polyglandular syndrome. By January 1921, she had be- 
come increasingly hirsute and “bloated” in appearance. At this time she 
entered the Neurological Institute in New York where she was given baths, 
exercises and glandular preparations. After 4 weeks the weight was reduced, 
the hirsuties had disappeared and normal menstruation was resumed. From 
this time, for a period of 5 years, she continued under various combinations 
of glandular treatment and regarded herself as reasonably well. 

In 1926 the face again began to get heavily bearded, necessitating the use of 
a razor. A year later tonsils, adenoids and impacted wisdom teeth were removed 
and it was noticed that the blood pressure was high, 155/115. In 1929 she had 
a “nervous breakdown,” and the following year, while being studied at the 
Evans Memorial Hospital, it was noticed that the urine showed some albumin 
and an occasional hyaline cast with a normal phthalein test. She had a low sugar 
tolerance, a fluctuating h3q)ertension, a basal metabolic rate of — 14 per cent 
and cardiac enlargement. In January 1931 the menstrual periods, after having 
been essentially regular for 10 years, ceased, and in July she was found to have 
a marked hypertension varying from 220 to 250 systolic. 

In 1932 she fell and fractured the humerus. The following summer poly- 
dipsia, occipital headaches, palpitation, shortness of breath and swelling of the 
feet and ankles were present. The fatness of the face and shoulders, dryness 
and pigmentation of the skin, cyanosis of the dependent hands and feet had 
markedly increased. It was observed that large ecchymoses would follow the 
slightest bruise and that a cut or scratch would bleed excessively. At this 
juncture, in October 1932, she was referred to the Peter Bent Brigham Hospital 
for study. 
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The patient was a rather tall woman, $ feet, g} inches, weighing 63.5 Kg., 
with a peculiar moon-shaped, recently shaven face with clipped eyebrows. 
The eyes were puffy and there were posterior cervical and supraclavicular fat 
pads. She was not appreciably round shouldered and though not particularly 
abdominous the parietes were somewhat pendulous and flabby. The extremi- 
ties did not participate in this adiposit5\ Over the arms, axilla, breasts, abdo- 
men, hips, groins and thighs were an extraordinary number of broad, pale 
striae atrophicae. The lower extremities showed marked pigmentation and 
scarring of the dry and scaly skin, with several large and fading ecchymoses 
from recent trivial contusions. 

The blood pressure averaged 220/170, the urine showed a trace of sugar and 
of albumin with no renal elements. There was a variable poljmria amounting 
to about 3 liters. The basal metabolic rate was —10 per cent. The detailed 
blood examination showed 4,720,000 erj'throcytes, with a hemoglobin (Sahli) of 
106 per cent. The non-protein nitrogen was 46,97 mg. and the cholesterol 192.3 
mg, per cent. Roentgenograms showed slight diffuse atrophy of the vertebral 
bodies without collapse or deformity, normal detail of the cranial bones, a sella 
tursica of normal dimensions but hazy outline, and multiple small tiny shadows 
in botli flanks suggesting renal calculi — a common finding in hyperparathy- 
roidism. The patient was transferred to the Huntington Hospital where, 
through the kindness of Dr. Aub, her elimination was thoroughly studied. He 
reported essentially normal blood content for calcium phosphorus and phospho- 
tase and normal elimination of both calcium and phosphorus. She showed a 
low sugar tolerance and a high nitrogen output, as showTi by an average loss of 
6.7 gm. daily on a balanced diet containing 56 gm. of protein. 

On readmission the pituitary body was irradiated on 4 successive days with- 
out any immediate effects. She was discharged Nov. 12, 1932, and returned 
home and resumed her usual activities. On December 3 she retired about mid- 
night, waking about an hour later with dyspnea and increasing cyanosis. She 
died 12 hours later from what was supposed to be acute pulmonary edema. 

When wc study this patient in retrospect from a cardiovascular 
renal standpoint we find that in 1919, when the patient w’as 20 
years old, she began ha\ang headaches, blurred vision, tinnitus, 
diiKincss and numbness of the hands. Several months later we find 
the blood pressure slightly elevated, 140/100. Six years later the 
blood pressure was again examined and had reached i 55 /^^ 5 f 
the urine contained albumin and casts. The heart at this time w’a.s 
enlarged. Five years later we find the h>’pertension had increased 
to nearly 250 s3'stolic and a year later there were occipital head- 
aches, palpitation, shorlnc.5s of breath and .swelling of the feel and 
ankles, and the patient observed that large ecchymo,scs would fol- 
low the slightest brui.se. The physical examination at the lime of 
hospital entry* in 1932 sulxstantiated this liigh blood prc.ssurc with 
.*-onic albumin in the urine. There was a variable jKiIyuna and the 
non-protein nitrogen and cholesterol values vrere increased and the 
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nitrogen output showed an average loss of 6.7 gm. daily on a bal- 
anced diet of 56 gm. of protein. Finally, death came suddenly, 
probably to be explained on the basis of pulmonary edema. 

From such a summary our attention is primarily focused upon 
the cardiovascular problem, with its hypertension, enlarged heart, 
headaches and disturbances in vision. The disturbances in renal 
function with albumin, elevated non-protein nitrogen and cholesterol 
stand rather in the background and yet the sequence of events must 
be carefully considered, and a clinical diagnosis of benign neph- 
rosclerosis with beginning renal decompensation or malignant 
nephrosclerosis must be considered. The tendency to bleed when 
slightly bruised is found more commonly associated with the latter 
diagnosis. 

Postmortem Examination 

An autopsy was performed by Drs. Schulz, Hass and Cushing, 
and only the cardiovascular renal changes will be mentioned here. 
The heart was enlarged (695 gm.) and the large arteries, including 
the aorta, showed an advanced degree of atherosclerosis. The kid- 
neys had slightly adherent capsules and on section minute calculi 
were visible in the calices. 

Microscopic Examination 

The kidney is finely granular, the capsule thickened, and small 
hemorrhages are seen over the surface. The kidney as a whole shows 
only moderately severe changes, the most important of which ap- 
pear in the cortex and are somewhat irregularly distributed. There 
is a destruction of kidney tissue and a new formation of tubules with 
a general reconstruction of the normal architecture. The arteries 
show a variety of interesting changes. The large interlobar arteries 
show marked medial hypertrophy with large, well preserved muscle 
fibers. The intercellular ground substance is not remarkably in- 
creased. The internal elastic lamina is intact and stains well. The 
inthna is only slightly thickened, showing a lamellar connective 
tissue thickening. Practically the same changes are found in the 
arcuate and larger lobular arteries; that is, we have in these vessels 
a form of vascular h3q)ertrophy with an enlargement of the vessel, 
a thickening of the vessel wall and a lumen larger than that of a 
normal person of the corresponding age. In the smaller lobular 
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arteries one sees a gradual disappearance of the muscle fibers from 
the largest to the smallest arterioles. The vessels are abnormally 
large and tlie media shows replacement by connective tissue. The 
internal elastic lamina is still preserved, and the basement mem- 
brane of the arterioles is here and there remarkably swollen, irregu- 
lar, and when stained mth the Mallory anilin blue stain appears 
reddish yellow. In other arterioles the basement membrane is un- 
changed and between the endothelium and this basement membrane 
there is an accumulation of w"aterj’'-like material forming in places a 
very fine network which, when stained with the Mallory anilin blue 
stain, appears distinctly blue. This accumulation bencatli the en- 
dothelium leads in places to almost complete obliteration of the 
lumen. In other vessels of similar caliber, where the process is older, 
one sees a lamellated arrangement of cells and connective tissue in 
which spindle-shaped cells appear drawn out and separated by 
narrow bundles of collagen, giving a characteristic “onion-like” 
picture. A still more striking change, though somewhat rarely seen, 
is the presence of fibrin and red blood cells vrithin the wall, which 
at times is completely necrotic. Nests of fatty endothelial cells 
beneath the endothelium and fibrin in the lumen may complicate 
the picture. Some of the arterioles to the glomeruli are scarcely 
recognizable. The lumina of the vessels comprising the smaller 
branches of the vascular tree are greatly reduced. It is not infre- 
quent to find extensive vascular changes -without a corresponding 
change occurring in the capillary loops of the glomeruli. 

The fjomenili arc relatively little changed. By count, between 90 
and 95 per cent arc still preserved, the most of v/hicli, however, are 
large, ischemic and show an increase in cells and intercellular sub- 
stance. Here and there, usually occurring in small groups of two 
and three, glomeruli show simple hyaline transformation with con- 
nective tissue thickening of the collapsed capsule. Here and there, 
even in areas showing rather advanced atrophy of the tubules, one 
finds well preserv^ed glomeruli, rich in blood, showing neither cellular 
nor intercellular changes. Tlic most striking diangc is that so char- 
acteristic of malignant nephrosclerosis, namely, the capillary dilata- 
tion, hemorrhage into the capsular space and fibrin occluding the 
capiliaiy lumina and e.xlcnding out into the .somewhat loose inter- 
cellular basement membrane and ground substance. Regressive 
changes in the epithelial cells are occasionally found assrjciated with 
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proliferation and desquamation. Glomeruli showing these changes 
are infrequent. They appear singly and in small groups. Somewhat 
older changes, including the chronic and the healed lesions with 
simplification of the dilated capillaries, adhesions of the capillary 
loops with each other, and with the capsular wall, and even half- 
moon formations are also found, but only rarely. 

The tuhdes show the usual varied picture, such as is seen in malig- 
nant nephrosclerosis. Unlike the former case, however, many of 
the proximal convoluted tubules are still moderately well preserved, 
showing the characteristic type of epithelium. They are moderately 
hypertrophied and in places show regressive changes leading at 
times even to necrosis. Most of the tubules are changed. They are 
small, atrophic, collapsed and bordered with small cuboidal, undif- 
ferentiated epithelial cells often containing in the lumina small 
hyaline casts. Here and there and usually occurring in islands 
are nests of tubules showing dilatation; such tubules are bordered 
with elongated endothelial-like cells showing frequent mitoses, and 
frequently contain remnants of necrotic desquamated cells, pre- 
cipitated albmnin and pol3miorphonuclear leukocytes. Stains for 
bacteria are negative. The necrotic cells are incrustated with 
salts often rich in iron and in places surrounded by large multi- 
nudeated foreign body giant cells. It is interesting that even in 
this group of reformed tubules hyaline droplet degeneration is 
already present in the cells. In the medulla where casts incrus- 
tated with iron have remained fixed the surrounding epithelium has 
totally disappeared, leaving this foreign body surrounded by con- 
nective tissue. 

The veins throughout the kidney and the interlubular capillaries 
are imusually dilated and one sees very well the very close relation 
that the intertubular capillaries bear to the tubules, being separated 
only by a basement membrane, an anatomical relation similar to 
that of the capillary tufts of the glomerulus. Occasionally one sees 
petechial hemorrhages into the stroma of both cortex and medulla 
from these dilated capillaries. 

The basement membrane of the arterioles is markedly swollen and 
rich in lipoids but this kidney, like the former, shows no double 
refractile fat. Along the capillary loops of the glomerular tufts 
the basement membrane seems loose, lax, and increased and fibril- 
lated, but not swollen like that of the arterioles. The basement 
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membrane forming the capsule in places is rather coarse but quite 
uniform and shows no papillary bulging. Along the tubules, and 
especiall}’- those that are collapsed, it is swollen and irregular, and 
here and there fluid-like material slightly fibrillar has collected be- 
tween the collapsed epithelium and the basement membrane. 

The iiikrstitial tissue is unevenly increased and shows foci of 
lymphocytes, especially in areas of tubular atrophy and disap- 
pearance. In the medulla the stroma is diffusely increased, yet there 
is practically no total disappearance of tubules. 

To summarize these histological changes, w^e find a moderately 
damaged kidney -with changes involving the blood vessels, glomeruli, 
tubules and stroma. The lesions for the most part are chronic and 
fairl}' advanced. From the character and extent of the histological 
lesion alone there is no basis for one to believe that eitlier through 
the vascular, glomerular, or tubular changes this patient should 
suffer from severe renal insufficiency^. The lesions, being largely of 
a chronic nature, tvarrant the diagnosis of a slowly progressive type 
of malignant nephrosclerosis. This is substantiated by the finding 
of similar, if not more severe, lesions of the same character in many 
of the other organs of tlie body. 


Discussion 


A study of tlie etiology of malignant nephrosclerosis has, since 
the work of Volhard and Fahr, occupied the attention of many in- 
vestigators. A recent paper by Schiirmann and MacMahon ' re- 
\'iews the work that has already been done up to the present time. 
Without question it would appear that the anterior lobe of the pitui- 
tary, and especially the secretion of the basophilic cells, may', in some 
cases, play' a very' important role in the etiology' of tliis important 
cardiovascular renal syndrome. Most case.s of malignant neph- 
rosclerosis, however, arc not characterized by sudi signs of pituitary' 
ba'sophilism as adiposity, di.sturbanccs in secondary sexual char- 
acteristics and osteoporosi-s. 

For years clintdans and pathologists considered the bony changes 
<jf ostdti.s fibrosa deformans and osteody'strophia fibro.sa cystica as 
being one and the same fundamental di.scasc. Only vritJi the dis- 


co'.'cry of the important rule played by' the parathyroid 
dhtare of iKme were the clinical and histoloj^'cal difference 
two dii-eases acrq>ted as definite and distinct entitiC'. 


in cystic 
5. in these 
Now the 
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question may be, asked — can we distinguish a particular group of 
cases of malignant nephrosclerosis clinically or histologically which 
specifically belong to the syndrome of basophil tumors of the anterior 
lobe of the pituitary? From a study of fifty cases of malignant 
nephrosclerosis one finds variations in the clinical and pathological 
picture, but clinically these cases of malignant nephrosclerosis asso- 
ciated with typical signs of pituitary basophilism, as described by 
Cushing, belong to a very definite and distinct group. Comparing 
the vascular changes in these two cases of basophilic adenoma of 
the anterior lobe of the pituitary with the vascular changes in 
many other cases of malignant nephrosclerosis which did not show 
pituitary basophilism, we could find no single change or group of 
changes that would permit us to distinguish one case specifically 
from another. 

Summary 

Two cases of basophilic adenoma of the anterior lobe of the pitui- 
tary, one reported by Bishop and Close and the other by Cushing, 
have been discussed again from a cardiovascular renal standpoint 
in which it is shown that the cardiovascular renal lesion present in 
these two cases corresponds to the picture originally described as 
malignant nephrosclerosis by Fahr. 
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STUDIES ON INFLAMMATION 


X. THE CYTOLOGICAL PICTURE OF AN INFLAMMATORY EXUDATE IN 
RELATION TO ITS HYDROGEN ION CONCENTRATION* 

Valy Menkin, M.D. 

{From tJie Deparhnent of Pathology, Harvard University Medical School, Boston, Mass.) 

For many years it has been known that the cytological sequence 
in acute inflamm ation is characterized in the earliest stages by an 
active emigration of polymorphonuclear leucocytes. After a time 
this is followed by an infiltration of mononuclear phagocytes. The 
latter have been designated by various names, the most satisfactory 
of which is perhaps that of “macrophage,” originally suggested by 
Metchnikoff. In acute inflammation the polymorphonuclear cells 
that leave the circulating blood stream form the chief cellular con- 
stituents of the early exudate. The mononuclear phagocytes or 
macrophages increase in number in the later stages. These cells 
act as scavengers when the inflammatory irritant has been overcome. 
They engage actively in engulfing and digesting pol)miorphonuclear 
leucocytes, red- cells, and various necrotic materials resulting from 
the acute inflamm ation. The orderly cytological sequence in the 
development of an inflammatory reaction was first pointed out by 
Borrel ^ and then by Durham ^ about forty years ago. The subse- 
quent studies of Beattie ® extended considerably the original obser- 
vations of Durham. This sequence is true of the majority of inflam- 
matory reactions caused either by bacteria or by chemical irritants. 
It is noteworthy that during the first twenty-four hours after their 
inoculation into normal tissues both tubercle and typhoid bacilli 
produce the same type of cellular changes as do various forms of 
pyogenic bacteria such as Staphylococcus aureus.^' “ The differ- 
ence in the leucocytic response found with various types of inflam- 
matory irritants seems therefore to be one of degree rather than of 
kind. 

No adequate explanation has been offered for this fundamental 
process. A number of years ago various investigators, particularly 

* This study -was aided by a grant from the DeLamar Mobile Research Fund. 
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Opie, studied tlie action of intracellular proteolytic enzymes from 
leucocytes of an inflammatory exudate.^*® Muller, ' and subse- 
quently Opie, showed that poljmorphonudear leucocytes contain 
an intracellular enzyme that acts in a slightly alkaline or neutral 
medium, but is almost whoUy inactive in an acid reaction (0.2 per 
cent acetic add). Opie designated this intracellular enz3me “leuco- 
protease.” The action of this polymorphonuclear enzyme occurs 
only vdthin the leucocyte, for in the plasma of an inflammatory 
exudate its activity is inhibited owing to the action of anti-enz>mes. 
The earlier observations of Opie on the presence of antiferments 
inhibiting the action of leucoprotease have been recently confirmed 
by Weiss.® Opie furthermore demonstrated that the mononuclear 
phagocytes that accumulate in the later stages of the inflammatory 
reaction contain an enzyme causing active digestion of protein in a 
vrcakly acid medium, but almost entirely inactive at a neutral or 
alkaline reaction. The enzyme of the mononuclear phagocyte has 
been called “lymphopro tease.” 

It is conceivable that particles in an inflammatory exudate prior 
to being phagocytosed by a given type of leucocyte may tend to 
have on their surfaces a hydrogen ion concentration approximating 
that of the intracellular proteolytic enzyme capable of digesting 
them. If this assumption is correct then it is to be e,xpectcd that 
the inflammatory c.xudate in v/hich such particles arc immersed 
■would gradually increase in its acidity concomitantly with the shift 
from pohmorphonudear to mononudear phagoc>'tes. The question 
arises therefore as to whether or not there is a correlation between 
the pH of the medium and the cytological picture during the de- 
velopment of an acute inflammatory reaction. In this connection 
it is to be noted that Opie recorded several mcasurcmcnt.s on the 
reaction of a pleural exudate.® At no time during a 5 day period of 
the inflammatory process did the alkalinity of the exuded .scrum 
dsFappear; it -vva-S, however, less than that of the blood .scrum. It 
may be mentioned al.so that as the inflammation progre.ssed there 
seemed to be a flight decrease in alkalinity. .Since, however, no 
precautions ap])arently were taken to avoid loss of carbon dioxide 
during withdrawal and le.sting of the exudate, the validity of these 
measurements as. alisolutc flgurc.s may be open to .some question. 
Ijml in his studies on proteolytic v.mynKs in the pnefjmonic lung 
mnduded that duri.ng the course of the disease a gradual Incre-a^e 
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in the hydrogen ion concentration of the exudate probably occurs. 
He conceived resolution to be the result of this increased hydrogen 
ion concentration, which eventually activated a proteolytic enzyme 
having a range of optimum reactivity at a pH of 6.3 and 5.2. 

Rous found that death of small cell aggregates resulted in the 
development of an alkalinity of these cells, owing to seepage into 
them of alkaline body fluids.^^ He recognized that the chemical 
changes that take place in small necroses differ in important re- 
spects from those occurring in large masses of dead tissue. He was 
led by his observations to conclude that very pronounced inflam- 
matory edemas 5deld alkaline fluids but that “inflammation, as 
such, conduces to local acidosis.” 

None of the studies mentioned has correlated the pH of the 
inflamm atory exudate with its differential leucocyte count. The 
object of the present communication is to report data on the trend 
of the hydrogen ion concentration and to relate this to the cellular 
changes in an exudate obtained at various intervals from an acute 
inflammatory area. The relation obtained suggests that the pre- 
vailing hydrogen ion concentration may be an important factor in 
determining at a given time the cytological picture of an inflamma- 
tory exudate. 


Experimental 

Method: Pleural exudation was induced by the injection under ether anes- 
thesia of 1.5 to 2 cc. of turpentine into the right chest of dogs.® Several hours to 
I day following the injection of the irritant a sample of the exudate was with- 
drawn by means of a Luer syringe with a h3T)odermic needle. The latter was 
of large caliber and filed ofi at the end, in order to diminish the chance of in- 
jury to the lungs. To prevent coagulation several glass beads were placed m 
the barrel of the syringe. When in one experiment about 0.5 cc. of o.i per cent 
heparin in Tyrode solution was employed as an anticoagulant, essentially the 
same readings were obtained as with the use of glass beads. Upon withdrawing 
the sample of exudate the syringe was shaken quickly for a few seconds and 
several smears were made on coverslips and slides. The remainmg part of the 
exudate was immediately transferred under paraffin oil into a test tube. 

Measurements of the pH were always performed within a short interval after 
withdrawing the sample of pleural exudate. The bicolor system of standards, 
as described by Hastings and Sendroy,^® was employed in determining the hy- 
drogen ion concentration. These investigators had found close agreement 
when results obtained by this method were checked up with parallel electro- 
metric pH measurements. They also had determined that the “salt and pro- 
tein errors” were negligible. The standards prepared with phenol red as indi- 
cator covered a range of pH 6.7 to pH 8. In a few instances the pH of the 
exudate was found slightly below 6.7, The reading in such cases was obtained 
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by the use of bromcresol purple as indicator and represents only a first approxi- 
mation. The thorough studies of Drury and Rous had shown that in the animal 
body, at least, the observed colors in tissues vitally stained with phenol red or 
bromcresol purple cannot be ascribed to indicator errors resulting from associa- 
tion of the phthalein with tissue materials.^® For this reason it is believed that 
the readings obtained by adding under oil 0.2 cc. of the pleural exudate to 4 cc. 
of a standard phenol red indicator solution (made up in saline and adjusted to 
about pH 7.4) are reasonably reliable and do not represent indicator errors. In 
several instances, in spite of an appropriate saline control tube, the turbidity 
of the exudate rendered readings somewhat difficult, so that centrifugalization 
for a few minutes had to be resorted to. The determinations were always made 
after the tubes had been immersed in a water bath at about 38° C for several 
minutes. 

The differential leucocyte counts were made from smears on coverslips and 
slides. The cells were stained by the Wright method. As a rule several hundred 
cells were counted in each sample. In computing the percentage of polymor- 
phonuclears and mononuclears cells were frequently encountered that were so 
degenerated as to render their identification difficult. These were not included 
in the final counts. 

Samples of the pleural exudate were withdrawn daily and studied as described 
for a period not exceeding i week after the injection of the irritant. At the 
completion of an experiment the animal was anesthetized under ether and fre- 
quently a sample of blood was withdrawn from the femoral vein in a syringe 
containing about 0.5 to i cc. of 0,1 per cent heparin in Tyrode solution. The 
pH of the blood and its differential leucocyte coimt were determined. The ad- 
ministration of ether was continued until the death of the animal. A post- 
mortem examination was performed and specimens of the inflamed pleura and 
right lung were placed in 10 per cent formaldehyde for subsequent histological 
examination. 


Results 

The results of all the 1 5 experiments performed are summarized 
in Table I. A cursory examination of the data shows that in 8 out 
of 12 animals in which the pleural exudate was studied from day 
to day, as the inflammatory reaction progressed, the hydrogen ion 
concentration changed from an alkaline to an acid pH. The change 
in the reaction toward a definite acidity occurs usually 2 or 3 days 
after the injection of the irritant. Concomitantly with this decrease 
in the alkalinity of the exudate there is a change in the differential 
leucocyte formula. The percentage of polymorphonuclears falls, 
whereas the percentage of mononuclear phagocytes correspondingly 
rises. The percentage of lymphocytes evidently plays no significant 
role in these cellular changes. Composite graphs of all experiments 
showing the parallelism in the fall of the pH and the drop in the 
percentage of polymorphonuclear leucocytes appear in Chart i. 
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Since the percentage of polymorphonuclear leucocytes represents 
\nrtually the reciprocal of that of the mononuclears, the latter were 
not plotted on the chart. An examination of the data reveals that 
the percentage of polymorphonuclears predominates over that of 
the mononuclears whenever the pH is alkaline. A rise in the hy- 




CrLvv.T I 

Tlic hj-drogen ion concentration in rcktion to the percentage of polymorphonuclear 
leucocj’tcs in pleural inflnmmatorj' exudates. Composite graphs of 12 cx}>erimcnts. 

4 - pH 

— — Percentage of polymorphonuclear leucocytes. 


drogen ion concentration is immediately or at least very .soon fol- 
lov.'cd by a fall in the percentage of polymorphonuclear leucocytes. 
By studying the liyrjrogcn ion concentration one can fairly well 
prwJict the cy tological picture in the e.xudatc, and nVc verrM. I he 
com.-hition is evidently vcr>' close. In Dogs 7, 2, and to .«orne ex- 
tent irt Dog 10 the {dl failed to become acid concomitantly v.ilh 
the p!rogre5.s of the inilamrnatory reaction. 1 nc counts corre;’j>^*'^'‘* 
sngly reveal a predominance in the percentage of jK>lymor[)honuch:ar 
cells thr.'.rjglio'at the [>enod of the cxjn.'riincnts (Chart 2, Dog 7). 
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In Dog II the per cent of polymorphonuclears appears surprisingly 
low for an infiaromation of only 24 hours duration; the pH here is 
6.98. To summarize, the point under discussion can perhaps be 
illustrated by the following calculation from Table I. In 31 counts 
in which the percentage of pol5miorphonuclears ranged from 60 
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Chart 2 

The hydrogen ion concentration in relation to the percentage of polymorphonuclear 
leucocytes in pleural exudation from Dog 7. Note that the pH remains alkaline and 
that tie percentage of polymorphonuclears maintains a high level throughout the 
duration of the experiment. 

1 pH 

Percentage of polymorphonuclear leucocytes 


to 90 per cent, the pH averaged 7.25. Contrast this with 16 counts 
in which the percentage of polymorphonuclears ranged from 2 to 
60 per cent, and the pH averaged 6.80. 

Having obtained definite evidence of the close parallelism be- 
tween changes in hydrogen ion concentration and in the differential 
leucocyte formula in acute inflammation the question arose as to 
which comes first, the changes in the pH or the cellular modifica- 
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tions. The present data are highly suggestive in answering this 
question. An examination of the results obtained in the case of 
some individual experiments points out that the increase in the 
hydrogen ion concentration evidently precedes the fall in the per- 
centage of poljanorphonudear leucocytes. Chart 3 illustrates this 
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ClTAKT 3 

The hydro^^en ion concentration in relation to the percentage of polymorphonuclpr 
leucocyte? in pleural exudation from Dog 4. Note that the pll steadily declines during 
the first 7 days, vrhile the percentage of polymorphonuclcars remains at a high Icvch 

^ pjj 

Percentage of polymorphonuclear leucocytes 

fact to fomc extent in the case of Dog 4. Whereas the pH of the 
extidate steadily dedincs from an initial value of 7.45* 
centage of pol^miorphonuclear leucocytes remains high. There v/as 
an abrupt full in the percentage of jK^I^moqdionudears only wlicn 
the pH reached 6.97. ITc point is perhaps better exemphTied in the 
rare of Dog 13, Chart 4. For the first 7 days the pH was alkaline, 
7.4 and 7.5 respectively. 71 ie percentage of polymorphonuclear:-; 
was higlu S7.5 and 77.5* On tlie 3rd day there wa^ an abrupt fall 
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in pH to 6.98. The percentage of pol}nnorphonuclears, however, 
was still high, namely 74. On the 4th day the pH was lower than 
on the preceding day, namely, 6.8. The exudate contained only 10 
per cent of pol}Tnorphonuclears. Hence in this experiment the 
sharp rise in hydrogen ion concentration definitely preceded the fall 
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The hydrogen ion concentration in relation to the percentage of polymorphonuclear 
leucocytes in pleural exudation from Dog 13. Note that the abrupt fall in the pH 
precedes the sharp drop in the percentage of polymorphonuclear leucocytes. 
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in the percentage of pol3miorphonuclear leucocytes. The latter 
followed the decrease in alkalinity only after the lapse of a definite 
period. This is definite evidence that the fall in pH precedes the 
changes in the cytological picture. The hydrogen ion concentra- 
tion may thus possibly be the regulating factor in determining the 
differential leucocyte formula of an exudate. In view of what is 
known of the mechanism of intracellular enzyme action in leucocytes, 
a physicochemical regulatory mechanism of this type would not be 
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wholly unexpected. That the fall in pH seems to precede the drop 
in the percentage of poIjTnoiphonuclear leucocytes is quite evident 
from the above analysis. At the same time it is obvious on examin- 
ing the data that this relation is not always evident. This seems to 
depend on the rapidity of the change in reaction. If the rise in 
hydrogen ion concentration is rapid and sharp the corresponding 
fall in tlie percentage of polymorphonuclears may occur so rapidly 
as to appear to be a parallel phenomenon (see Dog 15, Table I, 
Chart 5). When the change in reaction proceeds very rapidly the 
exudate smears invariably reveal numerous degenerated, swollen, 
and vacuolated polymiorphonuclear leucocytes containing character- 
istically’ fragmented and intensely stained nuclei. Such lethal elTects 
accompanying an abrupt change in the reaction with increase in 
the acidity may be an important factor in explaining suppuration at 
the site of inflammation. In this connection it is perhaps also in- 
teresting to note that Rous “ in his studies on factors tliat determine 
the reaction of skin grafts came to the conclusion that the develop- 
ing acidity, in the initial stages at least, when the graft ivas isolated 
from its surroundings, was referable to the elements of the tissue 
proper. (Almost no cells had wandered into the grafts at this time.) 

Further experiments were undertaken in an endeavor to modify 
experimentally' the pH of an inflammatory exudate and to determine 
the effect of such procedure on the differential leucocyte formula. 
Phosphate buffers (Sorensen) were prepared at pH 6.78 and 7.28, 
Several cubic centimeters of each of these buffer solutions were in- 
jected immediately after the introduction of turpentine into the 
right chest of dogs. The phosphate buffers were reinjected at in- 
tervals of several hours. The periodic withdrawal of pleural exudates 
showed, however, the same tendency' toward an ultimate acidosLs 
and ri.sc in the percentage of mononuclear phagocj'tcs (see Dogs 12, 
ij, i.\, 15, 'Fable 1 ). It became clear that the buffering mechanism 


of the tissue.^ at the site of inflammation was not easily influenced 
by' the mere introduction of phosphate buffer .solutions. 

Postmorteni examination of the right chc.st of dogs injected vrith 
tuqKmtine several days previously' revealed an intense scrot/brinous 
and at times a fil>rinopuruIcnt exudate. Tiie pleura v/as greatly' 
tlnckenixl and fibrinous adht.'ions extended from the vesecra! to 
the parietal layers, thus forming small j>ouche.s in the [deura! cavity’. 
■'Fhese contained %’arious amoiints of exudate. In agreement with 
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histological studies by Opie ® such tissues provided in general the 
same type of information regarding the cellular infiltration as was 
obtained from stained exudate smears. 

It was of some interest to note that animals which throughout 
the experiment maintained an alkaline exudate (Dogs 7, 2, and 10) 



rimti *fftr cf errfhnf 


Chart 5 

The hydrogen ion concentration in relation to the percentage of pol3anorphonuclear 
leucocytes in pleural exudation from Dog 15. Note the abrupt faU in the pH and in 
the percentage of pol3anorphonuclear leucocytes on the 2nd day following the injec- 
tion of the irritant. 

1 pH 

Percentage of polymorphonuclear leucocytes 

appeared in much better physical condition than those whose pleural 
exudate gradually became acid in reaction. In the latter, dyspnea, 
weakness and general apathetic behavior were not infrequent. 

The effect of reinjection of the same irritant was tried in the case 
of Dog 2. This animal received 2 cc. of turpentine intrapleurally. 
Its pleural exudate remained alkaline and showed a high percentage 
of polymorphonuclear leucocytes for 4 days. The animal was in 



204 


SCENKIN 


perfect condition at the end of the experiment. Thirty-five days 
later he was reinjected intrapleurally with 2 cc. of the same irritant. 
Within 2 days the pH was 6.6 and there was an overwhelming 
number of mononuclear phagocytes in the exudate (Dog 2-a, 
Table I). The acid pH persisted and on the 3rd day when the ex- 
periment was terminated the animal displayed some difficulty in 
breathing. The pH of the blood was 7.23 and contained 77 per cent 
of poljmiorphonuclear leucocytes. In a previous communication 
the writer pointed out that an area of inflammation is ultimately 
w'alled off from the rest of the organism; the inflamed area develops 
its own local circulation, its owm hydrogen ion concentration and 
its own metabolism. This \dew is substantiated when the data on 
the pH of the blood are compared with those obtained in the ma- 
jority of exudates in the later stages of the inflammatory reaction 
(Table I). 


Discussion 

The results obtained in this series of experiments reveal the fact 
that in most instances an acute pleural inflammation induced by 
a strong chemical irritant such as turpentine gradually develops a 
local acidosis. Furthermore, the data point toward a definite rela- 
tion between the hydrogen ion concentration and the cytological 
picture of an inflammatorj’- exudate. The findings certainly indicate 
the occurrence of a parallel between the hydrogen ion concentra- 
tion of the fluid medium and that favorable to the action of the 
enzyme of the predominating phagocyte. The relation between the 
two phenomena is strongly suggested by the following considera- 
tions. 

In the first place, although inflammation as such conduces to 
local acidosis with a concomitant shift in the cell counts from poly- 
morphonuclear to mononuclear cells, it is interesting to note that 
in several e.xperiments an alkalinity was maintained throughout the 
period of the inflammation (see Dogs 7, 2, 10, Table I). In .such 
cases, and only under these conditions, was there no .shift in the 
cc'li (Xiunts, the percentage of poI>mnorphonudcars remaining at a 
constantly hig'n level even in the later stages of the inflammatory 
process, It become.? somewhat difficult to consider this sitate oi 
affatrS: nu're coincidence. Secondly, the fact that i)y determining the 
pll of iho exudate the character of the cytological picture could be 
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fairly well predicted and vice versa seems to be definite evidence of 
some correlation between the pH and ceE count. In the third place, 
the fact that in a few instances when the shift from alkahne to acid 
took place rapidly the cell change, although delayed, nevertheless 
invariably followed appears to warrant the inference that if there 
is an interdependence it is the pH that conditions the cytological 
picture and not the reverse order of sequence. The observations 
reported in this communication seem therefore to support the conclu- 
sion that the differential leucocyte picture at a given time in the 
development of an inflammatory reaction is a function of the pH of 
the exudate. 

The imphcations of this concept are obvious. It is possible that 
an understanding of the histological differences of various inflam- 
matory lesions may be facihtated through a study of their respec- 
tive hydrogen ion concentrations. 

Opie ® pointed out that the studies on intracellular enzymes of 
leucocytes have served to explain many of the phenomena of resolu- 
tion. Some of his earher conclusions on the solution of tissue with 
abscess deserve perhaps revision, in view of the present observa- 
tions. Briefly stated, Opie’s original experiments on abscess forma- 
tion consisted in inducing a purulent exudation by the subcutaneous 
injection of turpentine. Four or 5 days later a large cavity dis- 
tended with fairly thick purulent fluid was formed. The cells of 
this pus were separated from the serum by centrifugalization. To 
the cell-free pus serum, leucoprotease was added. This combination 
freely digested coagulated serum. On the other hand, the same poly- 
morphonuclear enzyme in the presence of blood serum failed to digest 
materially the coagulated serum. From these facts Opie concluded 
that the anti-enz)anatic action of a limited quantity of exuded 
serum is overcome by an increasing quantity of proteolytic enzyme 
set free by disintegration of pol3morphonuclear leucocytes, thus 
accounting for the solvent effect on tissues of a purulent exudation. 
This conclusion is now perhaps somewhat diflflcult to accept; at 
least the data presented in this paper open the way to a different 
interpretation. It has been foimd (Table I) that as a rule 4 or 5 
days following the onset of an inflammatory process induced by 
turpentine the resulting purulent exudate is usually characterized 
by an acid reaction. Opie has demonstrated that both leucoprotease 
and anti-enzymes are inactive in an acid medium. It is therefore 
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more likely that the solution of fibrin or necrotic tissue in a purulent 
area of inflammation is due to the activation of autolytic enzymes 
by the add reaction. Enzymes of this type have been adequately 
described in a recent review by Bradley.^® This inteipretation ap- 
pears to be more in accord with the facts since it is hardly possible 
to assume in view of Opie’s ovti findings that an excess of leuco- 
pro tease from disintegrating polymorphonudears could act in an acid 
medium. It seems probable that in Opie’s experiment the proteo- 
lytic enzyme, leucoprotease, was inactivated by the acid cell-free pus, 
while at the same time there were present in this fluid autolytic 
tissue enzymes that possessed an optimum activity in an acid pH 
and were hence able to digest the coagulated serum. Opie’s earlier 
view on the mechanism of caseation, "which he considered to be the 
result of an accumulation of autolytic enzymes released from epi- 
thelioid cells and W'hich acted in an approximately neutral or weakly 
add medium, is not wholly dissimilar to the vuiter’s view, as just 
expressed in regard to the solution of fibrin and necrotic tissues in 
an abscess.^^ Furthermore, it is to be noted that Opie himself pointed 
out in some of his later studies ® that v/hereas leucoprotease may play 
a part early in the digestion of fibrin, the latter undergoes solution 
in the advanced stages of an inflammatory reaction only in the 
presence of weak add. Opie therefore concluded that fibrin is 
ultimately digested by an enzyme ha\dng the character of lympho- 
protcasc and resembling the autolytic enzymes of tissues. In an 
endeavor to throv/ further light on the question under discussion 
X .5 cc. of turpentine were injected subcutaneously into the right 
flank of a dog. Four days later a large subcutaneous abscess con- 
taining thick vi.scous pus resulted. The pH of this exudative ma- 
terial was definitely acid in reaction, approximately 6.6, This "ivould 
supjxxrt the contention that an excess of leucoprotease could not 
fKi.'^sibly be the important factor in the solution of tissues in such 
abscc"s.scs since this enzyme is active only in an alkaline or neutral 
medium, 

Bayliss,’- as a. result of his studies on emulsin, e,xprcsscd consider- 
able doubt as to the actual c-xistcnce of tnie anti-enzymes as follows: 
“Some of the effects described as being due to them arc to be ac- 
counted for !)y changes of hydrogen ion concentration, others to 
adsorption of the cnz>Tne by a colloid.” Bayliss pointed out that m 
bin cmulrin experiments the effect was found to be due merely to 
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diminution of the acidity of the solution. The inhibitory effect of 
the anti-enz3une disappeared when the solution was brought back 
to the initial value by the addition of acid phosphate. This idea may 
doubtless have considerable importance in revising our accepted 
concepts concerning so-called “anti-enzymes” in inflanuhation, 
especially in view of the progressive increase in hydrogen ion con- 
centration in such pathological areas. Nevertheless, although Bay- 
liss may be correct as far as anti-enzymes are not comparable in 
regard to specificity to the true antibody, still by counteracting the 
efiectiveness of the enzyme, whether by adsorption or by changes in 
the hydrogen ion concentration, the anti-enzymatic effect of serum 
on enzymes remains a fact. 

The mechanism conducing to local acidosis in inflammation is 
still somewhat problematical. Schade and his co-workers re- 
ported that pus from acute abscesses had a pH ranging from 5.95 
to 6.50; the pH of normal tissue fluids ranging from about pH 7.10 
to pH 7.40. The studies of Irisawa and of Ito have shown that 
lactic acid is a constant constituent of pus. Gessler has demon- 
strated that the oxygen consumption and the metabolic rate are 
increased in an inflamed area. This state of affairs would doubtless 
favor the development of a local acidosis unless properly compen- 
sated by an equally increased and effective fluid circulation at the 
site of inflammation. The writer has shown in previous studies that 
various foreign substances, including bacteria and electrolytes, are 
unable to escape readily from the site of inflammation owing to the 
presence of a fibrinous network and of thrombosed lymphatics. 
Furthermore, in acutely inflamed areas of moderately long standing 
a number of vascular capillaries have also been found with their 
lumina occluded by thrombi.®^ It is conceivable, therefore, that as 
acid metabolites are formed in an acutely inflamed area these tend 
to be fixed in situ, thus causing a rise in the hydrogen ion concentra- 
tion of the exudate. 

Summary and Conclusions 

A pleural infla mm atory exudate, in the majority of instances, 
develops a rise in its hydrogen ion concentration concomitantly 
with the progress of the inflammatory reaction. 

When the pH of the exudate is alkaline the percentage of poly- 
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morphonudears at the site of inflarrunation exceeds that of the 
mononudear phagocytic cells. 

WTien the pH of the exudate is approximately neutral the per- 
centage of poljTnorphonuclear cells tends to approach that of the 
mononudear phagocytes. 

WTien the pH of the exmdate is definitely acid large numbers of 
polymorphonuclear cells are found degenerated. The percentage 
of relatively normal appearing polymorphonuclear leucocytes is 
found considerably lower than that of the mononuclear phagocytes. 

In some cases the pH of the exudate remains alkaline through- 
out the period of an acute pleural inflammation. In these instances 
the percentage of polymorphonuclears invariably exceeds that of 
the mononuclears. 

By measuring the hydrogen ion concentration of an inflammatory 
c-xudate the character of the cytological picture can be predicted 
with a fair degree of certainty. Likewise the converse follow'S. 

Eddence has been obtained to show that the development of a 
local addosis in an area of inflammation precedes at times the 
changes occurring in the differential leucocyte formula of the exu- 
udate. In such cases, however, the cytological changes ultimately 
follow the development of the add reaction. 

The ob.servations reported suggest that the differential leucocyte 
formula in an area of acute inflammation is a function of the hy- 
drogen ion concentration of the exudate. The cytological picture 
in an inflamed area seems to be conditioned by the pH of the exudate 
surrounding the injured tissue. The present study indicates that 
the developing local acidosis as the inflammatory reaction progresses 
can adequately account for the shift in infiltration from pol>nnor- 
phonuclear leucocytes to mononudear phagoc>'tcs at the site of 
inflammation. 


REFERENCES 


!. Borrcl, A, Tuhcraiiosc pulmoaairc e,xpCTimcntale. Ltude anatom^*- 
du procc3su<5 obtenu par injection vcinctise, Ann, de 
I'/t'.fL Pa<::r.ir, 7. 593-b27- 

Durh.am. H. E, The mcdianism of reaction to peritoneal infection. /. 




e* fP.-!., tE'jy, 3 , 38 -iSj, 


Brattle, J. M, Tne of Inflammritor 
rr-earch to their function and destiny 


y exudations'. An cx}>?rimcntal 
■, and nl.w as to tbe origin of the 

195J, 8. r 27-' 1 76- 



STUDIES ON INFLAMMATION. X 


209 


4. Vorwald, A. J. The early cellular reactions in the lungs of rabbits injected 

intravenously with human tubercle bacilli. Am. Rev. Tnherc., 1932, 25, 
74-88. 

5. Opie, E. L. Intracellular digestion. Physiol. Rev., 1922, 2, 552-585. 

Opie, E. L, Inflammation. Arch. Int. Med., 1910, 5, 541-568. 

6. Opie, E. L. Enzymes and anti-enzymes of inflammatory exudates. J. 

Exper. Med., 1905, 7, 316-334. 

Opie, E. L. The enzymes in phagocytic cells of inflammatory exudates. 
J. Exper. Med., 1906, 8, 410-436. 

7. Muller, F. (Cited by Kossel, H.) BeitragezurLehre vom Auswurf. Ztschr. 

f. klin. Med., 1888, 13, 149-162. 

8. Weiss, C. The proteases and antiproteases of pleural exudates. J. Infect. 

Dis., 1927, 41, 467-475- 

9. Opie, E. L. Experimental pleurisy. Resolution of a fibrinous exudate. J. 

Exper. Med., 1907, 9, 391-427. 

10. Lord, F. T. The relation of proteolytic enzymes in the pneumonic lung to 
hydrogen ion concentration. An explanation of resolution. J. Exper. 
Med., 1919, 30, 379-388. 

r I. Rous, P. The relative reaction within living mammalian tissues. VI. Fac- 
tors determining the reaction of skin grafts; a study by the indicator 
method of conditions within an ischemic tissue. /. Exper. Med., 1926, 
44, 815-834. 

12. Hastings, A. B., and Sendroy, J. Studies of acidosis. XX. The colori- 

metric determination of blood pH at body temperature without buffer 
standards. J. Biol. Chem., 1924, 61, 695-710. 

13. Drury, D. R., and Rous, P. The relative reaction within living mammalian 

■ tissues. J . Exper. Med., 1926, 43, 669-686, 687-701. 

14. Menkin, V. An aspect of infla m mation in relation to immunity. Arch. 

Path., 1931, 12, 802-828. 

15. Opie, E. L. Solution of tissue with abscess. J. Exper. Med., 1906, 8, 536- 

541 - 

16. Bradley, H. C. Autolysis and atrophy. Physiol. Rev., 1922, 2, 415-439. 

17. Opie, E. L., and Barker, B. I. Enzymes of tuberculous tissue. J. Exper. 

Med., 1908, 10, 645-665. 

18. Bayliss, W. M. Principles of General Physiology. Longmans Green and 

Company, London, 1924, Ed. 4. 

19. Schade, H., Neukirch, P., and Halpert, A. liber lokale Acidosen des 

Gewebes und die Methodik ihrer intravitalen Messung, zugleich ein 
Beitrag zur Lehre der Entziindung. Ztschr. f. d. ges. exper. Med., 1921, 
24, 11-56. 

20. Irisawa, T. Ueber die Milchsaure im Blut und Ham. Ztschr. f. physiol. 

Chem., 1893, 17, 340-352. 

21. Ito, H. The formation of d-lactic acid by the autolysis of pus. J. Biol. 

Chem., 1916, 26, 173-176. 



210 


MENKIN 


22. Gessler, H. Untcrsuchungen iibcr Entziindung. Arch. f. cxpcr. Path. u. 

PharmahoL, 1932, 163, 456-486. 

23. Mcnkin, V. Studies on inflammation. I. Fixation of vital dyes in inflamed 

areas. J. Exper. Med., 1929, 50, 171-180. 

Menkin, V. Studies on inflammation. ITT. Fixation of a metal in inflamed 
areas. J. Exper. Med., 1930, 51, 879-887. 

Menkin, V. Studies on inflammation. V. The mechanism of fixation by 
the inflammatory reaction. J. Exper. Med., 1931, 53, 171-177. 
Menkin, V. Studies on inflammation. VIII. Inhibition of fixation by 
urea. A further study on the mechanism of fixation by the inflammatoiy 
reaction, J. Exper. Med., 1932, 56, 157-172. 



THE CULTIVATION OF MEXICAN AND EUROPEAN TYPHUS 
RICKETTSIAE IN THE CHORIO-ALLANTOIC MEMBRANE 
OF THE CHICK EMBRYO* 

Samuel Zia, M.D. 

{From the Department of Bacteriology and Immunology, Harvard University Medical 
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In the course of studies on typhus fever continued in this labo- 
ratory efforts have been made to compare the biological and sero- 
logical properties of the Mexican and the European virus strains. 
While the two are beyond question closely related, determinable 
immunological differences have recently and clearly been brought 
out in the vaccination and passive immunization experiments and 
in the serological reactions described by Zinsser and Castaneda.^ 
The most troublesome difference, however, has been the fact that 
it has not been possible to obtain as extraordinary an accumulation 
of Rickettsiae with the European strain by the rat X-ray method as 
was possible with the Mexican strain, as a practical method in vac- 
cine production. In attempting to gain more insight into the exist- 
ing differences a number of experiments have been carried out in 
this laboratory, the chief purpose of which was to study the two 
varieties of Rickettsiae against the same biological background, other 
than the louse intestine in which they appear and behave entirely 
alike. The following experiments would not have been performed 
had it not been for a casual visit to this laboratory of Dr. Ernest 
Goodpasture, who described to us in detail his cultivation of a 
variety of ultramicroscopic agents by the “fertile egg” method, 
details of which have since appeared in a number of publications 
from his department.^’ ^ We take this opportunity of listing him, 
in this manner, as a co-author. We made no changes in the tech- 
nique that he described, except in point of time and temperature of 
incubation — matters deemed advisable in view of the experience 
with Rickettsiae gained here. The technique in brief, then, is as 
follows. 

* Received for publication September 15, 1933, 
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Method 


Fertile hen’s eggs were incubated at 37.5° to 38® C for 8 to 9 days. 
At the end of this time the eggs were washed with alcohol and flamed. 
Windows 0.5 to i cm. square were cut in the shell by means of 
a razor blade. In most instances the inside acellular shell membrane 
was not injured. Hot paraffin was allowed to flow over this layer, 
whidi vras tlien opened by cutting around the edges of the window 
with a pair of fine scissors, A small amount of emulsified tunica 


Table I 

Summary of Results cf Cultivation of Rickettsiae in the Chorio-Allantoic Membrane of 

the Chick Embryo 


Strain 

Inoculuo) 

Total 
number 
^ of 

inoculated 

No* of 
cj’ps with 
dead 

cmbrj'os ; 

No. of with 

living embo'o 

Positive 

for 

sine 

Negative 
for Hsekfti* 
sine 

Mexican Rickettsiae 

Tunica 

23 

13 

4 

6 


Spleen 

ro 

I 

I* 

8 


Egg 

iS 

9 

4* 

2 

European Rickrttsiac 

Brain 


9 

0 

i , 4 


Spleen 

12 

7 

2 

3 


Brain and spleen 

9 

7 

T 

X 


* One each by smears only. 


exudate or brain and spleen material was dropped with a capillary 
pipette on the extra-embryonic membrane, the chorion being upper- 
most. A sterile coverslip v.'as placed over the opening and it was 
sealed vrith hot paraffin. The eggs were then rcincubatcd at 33° C 
and opened after 7 to 10 days for e.xamination. Smears were stained 


with Castaneda’s methylene blue - safranin stain, and tissue fixed 
in Regaud’s solution (potassium bichromate 2.5 gm., sodium sul- 
phate I gm., water 100 cc., to which is added 20 cc. of formalin itn- 
mcdiatcly before use) and later stained by Giemsa’s method. Tn 
several instances the material was also inoculated into guinea pigs 
and a t)']:>ical response was obtained in these animal.s. Immunity 
le-l.s showe<I them to be protected from sub.sequcnt homologous 
infections. Cultures for bacteria were made from the eggs in which 
no obvious signs of contamination could be observed, and in only 
four in.-tances \vas tlierc any growth on blood agar plates. 
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Results 

The results of these experiments are summarized in Table I. In 
general it was easier to infect eggs with Mexican Rickettsiae and 
these appeared greater in number. Many embryos were found dead 
a few days after inoculation. This was particularly true with the 
European Rickettsiae. Even discounting the eggs with dead or 
autolyzed embryos, in which we never found positive results, the 
percentage of positive findings was so low and the amount of virus 
obtained so scarce that it was impossible to make vaccine from 
them. However, the microscopic appearance of the infected chorio- 
allantoic membrane seems to be of sufficient additional interest and 
this is, therefore, briefly described. 

Details of Representative Experiments 

I. Experiments with Mexican Rickettsiae: Eggs were received 
October 21, 1932, and kept at 37.5° C imtil October 31st. On this 
day three eggs inoculated with emulsified tunica material from 
Guinea pig 365 showed t3^ical lesions with Rickettsiae. 

Egg I kept at 33° C and opened November 3rd was negative. 
Egg 2 kept at 38° C and opened November 4th was negative. Egg 3 
kept at 33° C and opened November 8th showed a thickened mem- 
brane over the exposed area, not adherent to the shell, but there 
were no signs of bacterial infection. The embryo was alive. A smear 
showed but few Rickettsiae. Part of the membrane was inoculated 
into Guinea pig 372, which showed slight fever but typical tunica 
swelling. The same animal inoculated again with tunica material 
from a Mexican typhus guinea pig showed complete immunity. 
Cultures from the egg on blood agar plates were sterile. The main 
part of the infected membrane was fixed in Regaud’s solution and 
sections were cut and stained with Giemsa. Figure 1 is a drawing 
made from a microscopic field of this membrane imder a magnifica- 
tion of 600 diameters. It wiU be seen that there are Rickettsiae 
crowded in some of the cells of the ectodermal layer which, in mor- 
phology, staining reaction with Giemsa, and in their intracellular 
positions, are indistinguishable from the same organisms seen in 
the tunica cells of guinea pigs or in the intestinal cells of human lice, 
polyplax or fleas. 
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2 . Experiments unth Enropeaft Rickettsiae: Eggs were received 
November iSth and kept at 38° C. Three eggs were inoculated on 
November 22nd vdth material from Guinea pig 377, suffering at 
the time from a typical attack of European typhus infection. The 
temperature of the guinea pig was 106° F when it v/as sacrificed, 
9 days after intraperitoneal inoculation. There was no scrotal 
swelling at the time. 

Egg I was inoculated with brain, Egg 2 vdth brain and spleen, and 
Egg 3 with spleen only. It is important to note that, as usual, no 
Rickettsiae could be found in the tissue material inoculated. 

On November 29th Eggs i and 2 were opened. In Egg i we had 
negative results. There apparently was no change — the membranes 
were not thickened and smears and sections were both negative 
for Rickettsiae. Egg 2, inoculated with brain and spleen, showed 
slight thickening of the membrane, and on smear a few intracellular 
and extracellular Rickettsiae were found after prolonged search. 
This membrane was cultured on blood agar with negative results. 
Sections fixed in Regaud’s solution and stained with Giemsa showed 
a fairly large number of cells containing t>T)ical Rickettsiae. 

Egg 3 opened on December 2nd was negative. Figure 2 represents 
a drawing of cells containing the organisms. In morphology, in 
staining reaction to Giemsa and in intracellular grouping these or- 
ganisms were identical with Rickettsiae as seen in the cells of louse 
intestine infected with European typhus, and appeared to be iden- 
tical with the Me.xican Rickettsiae in the other eggs, except that 
perhaps they were in average measurement slightly smaller. 

A part of the membrane from Egg 2 was inoculated into Guinea 
pjg 39^- This animal showed a typical temperature curve, reaching 
105''’ F and above on the 8th and 9th day, rising to 106° F on the 
loth and nth day, and on the 12th day, when the temperature vras 
105.5*^ F, the animal was killed for histological examination and 
for inoculation. Guinea pigs 399 and 400 v.'cre inoculated v/ith 
brain and blood from this animal and later lx)tli shov/ed t)7)ical 
passage strain reactions. The brains of both Guinea j)igs 390 and 
309 showed characteristic brain lesions in considerable profusion. 
'I'hcsc have been indcpentJently checked by a number of c.vperi- 
enced ob:'en.'(;rs. 'I'hc absence of scrotal swelling, indeed, as vrcll as 
the profusiors trf the brain lesions, rJiaracterixes it without doubt to 
of the Kurnjy.an t>7)e of infection, ^ his is fsirthcr Ixirnc out b> 
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the i mm unity test. Guinea pigs of the third, fourth, and fifth gen- 
erations (Nos. 414, 418 and 443) were reinoculated, after 6 weeks 
to 2 months, with material from European typhus guinea pigs, and 
all three were completely immune. 

5. Experiments with Subcultures in Eggs: We were interested to 
see if the amount of Rickettsiae in these membranes might not be 
increased by repeated transfer from egg to egg. One of these ex- 
periments is as follows. 

On January 19th four eggs were inoculated with tunica material 
from Mexican typhus Guinea pig 447, smears from which showed 
Rickettsiae. Egg i opened January 28th showed a living embryo 
with a thickened membrane. Blood agar plate cultures were sterile. 
Both smear and section were positive for Rickettsiae. The material 
was ground in a mortar and inoculated into four new eggs. Among 
these. Eggs 6 and 7 were autolyzed, the other two showing positive 
results. Material from one of these, Egg 8, was inoculated into 
another series of four eggs, with positive results in one. While 
there was suggestive evidence of an increase in the number of 
Rickettsiae in the eggs of the second and third generations, this did 
not appear to be of sufficient degree to warrant further transfer. 

Histological Examination 

Changes Observed 8 to g Days after Infection: The appearance 
of the normal chorio-allantoic membrane from hatching chicks 
has been described by Woodruff and Goodpasture.^ It consists 
of a thin layer of reticulated mesothelial tissue lined by one or 
two celled layers of ectodermal and endodermal tissue. At this 
stage of development the ectodermal layer is often absent. A 
great change occurs when infection with Rickettsiae takes place. 
The whole membrane with all three layers is much thickened. This 
naturally varies with the degree of infection. In the lightly 
infected membranes solitary thickening of only the ectodermal 
lining takes place. Usually, however, the number of cellular ele- 
ments in the mesothelial layer is found to be increased. In a case of 
average severity the ectodermal lining is about ten cells thick, 
covered on the outside with a layer of degenerated cells. The en- 
dodermal lining is slightly thickened. There is a great increase in 
the cells with a deeply stained, round nucleus in the mesothelial 
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layer. These often form dumps or nodules of various sizes. Most 
of the cellular dements in these nodules are far too degenerated to 
be differentiated. A large niunber of cells containing coarse eosino- 
philic granules also appear grouped with the mononuclear cells. 
Often in the center of these nodules small blood vessels containing 
red blood cells can be distinguished. Figure 3 is a photomicrograph 
showing one of these nodules, together with the increased cellular 
element in the surrounding areas. It is interesting to note 
that typhus infection of the chorio-allantoic membrane gives an 
entirely different picture from that infected with vaccinia or fowi 
pox. In fact, when the organisms are few the presence of these 
changes often encourages prolonged search and frequently leads to 
subsequent finding of the organisms. 

Dislribulionof Organisms intheinfccted CJiorio-AUanfoic Membrane: 
By far the majority of the RickcUsiac are found in the degenerated 
outer layer of the ectodermal lining. There they arc mostly intra- 
cellular and often in large clumps. A few are also found in tlie tissue 
spaces and these often assume a much elongated form. Pinkerton ® 
considers these the most actively growing Ricbcllsiac, as shown in 
his tissue culture experiments. WTien the infection is heavy a few 
RickcUsiac may be found in some of these nodules. How they 
reach there it is difiiailt to determine. In one or two sections we have 
observed them along the wall of a small capillary, but we have not 
succeeded in demonstrating them in the endothelial cells lining 
these vessels. One may perhaps speculate about the formation of 
these nodules as starting from tissue reaction to local deposit of 
organisms and their metabolic products, with subsequent death of 
these cells due to impairment of blood supply. 

Discussion 

While few students of typhus fever have any doubts concerning 
the etiological importance of RickcUsiac, botli in the European and 
the Jvfc.xican infections, there .sUll arise occasional questions re- 
garding the .significance of the organisms found by Mooscr in the 
turjica le-sions. \MiiIe wc believe that the work of Mooser, as well 
as the c.'<tcnsivc e.^rpcrimcntal cross-indexing of the facts be.nnng 
upem this |X}int undertaken in tins laboratoty, has removerl all 
|K)sribility of error, every additional |X)int of evidence Is of value 
in so imry>Mant a question. 
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The fact that the eggs inoculated with the Mexican tunica ma- 
terial develop morphologically typical Rickettsiae and that attempts 
to cultivate bacteria from these eggs are unsuccessful, added to the 
characteristic results of inoculation of the egg material into animals, 
brings further evidence to the array of proof already submitted. 

In regard to the inoculations of the eggs with European material 
the results indicate that from tissue material in which Rickettsiae 
are apparently too few to be found by smear a culture can be pro- 
duced in which they are plentifully apparent and from which the 
disease can again be propagated. The similarity of these cultivated 
Rickettsiae to those found in the European Mce adds, we think, more 
strength to the assumption of the etiological significance of the 
Rickettsia prowazeki. 

Furthermore, it has been of exceptional interest to us that by 
identical methods the European and the Mexican Rickettsiae can 
be studied against the same biological background and proved to be 
indistinguishable in their behavior imder the same cultural condi- 
tions. This is a direct demonstration of the close similarity between 
the two organisms and should assist materially in removing any 
lingering doubt as to whether Mooser’s organism may have been 
picked up in experimental animals during inoculation passage or 
not. This question was raised not long ago and every point of evi- 
dence that can clarify it is of more than ordinary importance be- 
cause of the extensive endeavors to produce prophylactic vaccines 
and potent antityphus sera with the Mexican tunica organisms. 

The fact. that the inoculation of guinea pigs from the European 
and Mexican typhus infected eggs, respectively, has produced the 
two characteristic types of the disease is another point of evidence 
that, in spite of their close similarities, the two organisms are not 
absolutely identical. Though possibly derived from the same 
original stock, adaptation in passage through rodents, fleas and 
polyplax may be the cause of slight biological modifications in the 
Mexican strain. 

Our results in the egg method of cultivation so far have not given 
much hope that we may obtain a sufl&cient number of Rickettsiae 
in this way. Several egg to egg transfers have not added materially 
to the yield. However, the suggestive evidence of these interesting 
histological appearances may perhaps throw some light on the forma- 
tion of the typhus nodules in man and in experimental animals. 
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SuiaiAHY 

It has been found that both Mexican and European typhus 
Rickettsiae are able to infect the chorio-allantoic membrane of the 
chick embryo, although the results do not lead us to hope for its 
practical use in the production of vaccines. The interesting histo- 
logical appearance of the typhus-infected membrane and the dis- 
tribution of Rickettsiae are briefly described. Possible significance 
of this finding to clarify further the relation between Rickettsia 
prowazeki and Mooser’s bodies is discussed. 


REFERENCES 


1. Zinsser, H., and Castaneda, M. R. Studies on typhus fever. K. On the 

serum reactions of Mexican and European typhus Rickettsia. J. Exper, 
Med., 1932, 56, 455-467- 

2. Woodruff, A. M., and Goodpasture, E. W. The susceptibility of the chorio- 

allantoic mcmbrancc of chick embryos to infection with the fowl-pox 
virus. Am. J. Path., 1931, 7, 209-222. 

3. Goodpasture, E. W., Woodruff, A. M., and Buddingh, G. J. The cultiva- 

tion of vaccine and other viruses in the chorio-allantoic membrane of 
chick cmbr>'os. Sciasce, 1931, 74, 371-372. 

4. Dawson, J. R. Herpetic infection of the chorio-allantoic membrane of the 

chick embrj'o. Am. J. Path., 1933, 9, 1-5. 

5. Castaneda, M. R. New stain for Rickettsia bodies, J. Infect. Dis., I 930 » 

47, 416-417. 

6. Pinkerton, H. Personal communication. 


DESCRIPTION OF PLATE 


Plate 70 

Fio. I. Drawing of a Giemsa-stained paraffin section of egg inoculated with 
tunic-i materia! from a Mexican tjphus guinea pig showing Rickettsiae of 
(he ?^l(X):er t>7>e. 

Flc. 2. Drawing of a Gicmsa-staincci paraffin section of embryonic membrane 
from .an egg inonilatcd with spleen and brain ti.s:>uc from a fpiine.a pig in- 
fected with Luroj>ean typhus of the BreinI strain, and show’ing Rickettsiae 
P'rcsS'iseki. 

Tic. 3. PholomicTCg.'aph showing one of the nrxiulcs in the mcsotlielia! layer. 
:< 6:0. 
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I, Introduction 

Recently Wen Chao Ma ^ has described in detail the cytopathol- 
ogy of acute and chronic morphinism in the albino rat, as well as 
suggested the importance of lecithin administration as a thera- 
peutic agent during recovery from chronic morphine poisoning. 
Apart from reporting the pathological action of morphine upon the 
tissues as a whole, this author made a detailed, systematic cytologi- 

* Aided by a grant made by the Rockefeller Foundation to Washington University 
for research in science. 
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cal investigation of the behavior of the cell inclusions during tem- 
porary and prolonged treatment. These observations led him to 
conclude that by studying their consistent and distinctive reactions 
to the drug during the various phases of poisoning he was able to 
employ both the Golgi apparatus and the mitochondria as indi- 
cators of physiological depression under pathological conditions. 

Bearing in mind the recent controversies concerning the func- 
tional significance of these cell organoids the contentions of Ma are 
of importance. Therefore, in view of these significant results and 
partly because this problem covers certain ground in which tliere 
is, apparently, some misconception, it was deemed advisable to re- 
investigate this work, not only by applying more recent cytological 
procedures but also by including additional experiments that 
might lead to more conclusive results.* 


II. Material akd Techniques 

Albino rats of both sexes, segregated shortly after weaning, belonging to the 
same strain and weighing approximately 195 to 215 gm., were selected for the 
study of acute and chronic morphinism, while animals from the same litters 
were isolated and kept as controls. Subcutaneous injections of morphine 
hydrochloride administered hj'podermically were used throughout the experi- 
ments, and in order to induce acute poisoning each rodent received a single dose 
of 5 cc. of a 2 per cent solution (10 mg. of morphine). The rats set aside to be- 
come addicts were first given an inoculation of 3 mg. as a r per cent solution in 
v.-ater, the strength of which was increased by i mg. every 10 days. After a 
period of 7 months the daily doses of morphine were discontinued. 

Tissues were obtained and fixed from those rats under acute morphinism, at 
intervals ranging from i to 24 hours after injection. In the addicts material 
was taluin at various periods (as indicated in the text), both before and after 
the daily injections of the drug were discontinued. 

The lecithin used was prepared by Merck from eggs; i gm. was mixed with 
40 gm. of ordinary rat diet of vegetables and bran. A second group of rodents, 
of precisely the same weight and age as the first, was isolated and fed for a 
period of 7 months on 4J gm. of lecithin mixed wdth 20 gm. of regular food, 
and given to the animals in the ordinarj' way. 

Glar.dulor Tissu's: The glandular tissues studied in this investigation com 
fistcii of liver, pancreas, thyroid, submaxillarj' gland, ludney, stomach and 
intestine. _ . . 

Ner:i>!ts 7 'isiu^s: 'flic nervous tissues observed were spinal ganglia, Purkinjc 
cells of the ccrclK'llum, motor cells of tfic spinal cord, as well as the large py - 
ramidal neurones of the cerebral cortex. 


• I 'sl;h to tske tlu’s opj-rjrtur.ity of thanking Df. E. V, Co'r^dry, not only for }.=. 
kind fietphallty, hut aivi for hi? encouraging intercat in thi*. invt-tfgatjoa. 
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Muscle Tissue: The smooth muscular coats of the intestine, skeletal and 
cardiac muscles were employed. 

General Cytological Preparaiio7is: For general cytological preparations the 
tissues were cut into very small pieces in order to ensure rapid penetration of 
the reagents. Overnight fixation in ice cold Flemming’s solution was used, as 
recommended by Ludford,^ omitting the 0.5 per cent urea. Sections were 
stained in iron alum hematoxylin following bleaching with hydrogen peroxide. 

Mitochondria: Tissues were treated by Regaud’s fixative, in which the sodium 
sulphate was omitted, and then stained with acid fuchsin and methyl green. 
This method gave excellent results for all tissues other than brain and spinal 
cord, for which the Champy-KuU anilin fuchsin technique is recommended. 
Flemming’s solution without acetic acid, followed by staining with Heidenhain’s 
hematoxylin, together with the modifications mentioned by Ma, Lim and 
Liu® was also employed. 

Golgi Apparatus: The most successful results were obtained by Ludford’s 
variation of Nassonov’s Golgi technique. Instead of staining accordmg to the 
Volkonsky method, orange G in 95 per cent alcohol was found to give preferable 
results. In some cases the Nassonov preparations were stained by the KuU 
method, using toluidin blue and anilin fuchsin. Dehydrating and embedding 
were always completed in one day, and excellent preparations were obtained 
by using carbon di-sulphide as a clearing agent. Experiments in times of fixa- 
tion showed that brain, spinal cord, pancreas and liver render better Golgi 
bodies after a prolonged fixation of 36 hours instead of the prescribed 24, fol- 
lowed by osmication up to 5I days at 35° C. Hirschler’s modification (1918) 
was also employed, but the results obtained were more inconsistent than those 
of the above method. Da Fano’s cobalt nitrate (formalin 15 per cent) and 
Cajal’s uranium nitrate techniques were occasionally used. When preparing 
the reducing fluids for these silver techniques the sodium sulphite was ex- 
cluded, and the times of fixation for gland tissues were reduced to 3 to 4 hours. 
Brain and spinal cord, on the other hand, were fixed for 8 to 10 hours. 

For studying the mineral organization of the normal and experimental tissues 
the microincineration procedure, by which the protein compounds of the cells 
are burned out leaving behind only the mineral residue, was used. The method 
is similar to that recently described by Policard.^ Small pieces of tissue were 
fixed in a solution of 9 volumes of absolute alcohol to 1 volume of neutral 
formalin. After fixation for 24 hours the material was passed through several 
stages of absolute alcohol to ensure a complete dehydration and abo to remove 
the formalin. The material was embedded in the usual manner and sectioned 
at 5 microns. The preparations were then placed on a small quartz slab and 
transferred to a special electric quartz oven and incinerated at temperatures 
varying from 625° to 650° C, for periods of 25 to 45 minutes. 

The arrangement and deposition of the mineral constituents in the inciner- 
ated sections were studied in dark-field illumination obtained by using a Zeiss 
cardioid condenser. A large sized Spencer Mazda microscope lamp, catalogued 
as number 394 and equipped with a 500 watt Mazda gas-filled concentrated 
filament bulb, was used. Directly in front of the bulb was a pair of 4§ inch 
condensing lenses, which threw a converging beam of light through the cone, 
illumioating an area about 2 inches in diameter. A pale blue frosted glass, in- 
serted in front of the cone and placed 4^- inches from the substage mirror of 
the microscope, gave the best illumination for observ^ing the mineral distribu- 
tion in the incinerated tissues. 
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The Alimann icchmque for fixation hy drying 'while freezing, as recently elabo- 
rated by Gersb/ -w-as also employed for studying the pancreas and liver.* As 
time would not permit, only normal material and tissue from a rat that had 
previously received the prescribed single large dose of morphine t were ex- 
amined by this method 5J hours after administration of the drug. This pro- 
cedure consists mainly in freezing the tissue quickly by liquid air prior to 
dehydration in vacuo at — 20° C. After embedding in paraffin the material 
was mounted dr>% sectioned at 8 microns and stained by Heidenhain’s iron 
hematoxy'lin and counterstained in eosin. Tissues thus treated stain extremely 
rapidly, it being necessary to leave them in the hematoxylin only for 30 to 60 
seconds. The advantages of this technique, apart from the rapidity of fixation, 
are that it should eliminate the possibility of shrinkage, for Gersh contends that 
when a portion of tissue is maintained at a temperature of — 20° C, and dehy- 
drated by means of the Altmann apparatus, the volume of the block of tissue 
remains unchanged after the process. 


in. On the Functional Signiticance or the Cell Organs 

AND THEIR BeIIA\TOR DuRING CeLL INJURY 

AiH) Disease 

Before the effects of morphine poisoning upon the general cytology 
of the cell can be interpreted it will be well to discuss briefly the 
possible functional significance of the several cell structures under 
normal and abnormal conditions. 

A review of the literature dealing with the physicodiemical nature 
of mitochondria shows that an enzymatic conception of mitochon- 
drial activity is gradually being realized. ® Iliis outlook, from a 
chemical point of view, is established largely on the investigations 
of Marston ® and his co-workers, who conclude, on the basis of 
their reaction to azinc dyestuffs, that mitochondria contain pro- 
teolytic enz3Tncs. In addition to this, Bobertson,’” who has carried 
out an independent study on the function of the lipoid in the mito- 
chondria, has shown that at the phase boundary of the mitochondria 
and protoplasm sj-nthesis by enzymes may occur. These conclu- 
sions derived from the chcmioil study of the problem receive sup- 
j-K)rt when correlated with certain cj'tological evidence. 7*hc a.sscr- 
tion of Cowdry,“ wherein the phase boundarj’ and the surrounding 
protoplasm of mitochondria are regarded as the scat of processes of 

• 1 %vhh in my j^nlitude to Prof, R. IL Bmsley for his hospitality 

my vtf-it io hP and axPo to J)r. Gmh farktndJy fixmy, the 
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elaboration, commencing with the absorption of molecules of cer- 
tain solutes, and ending in a series of physical and chemical interac- 
tions beween the mitochondria and the incoming substances, is of 
interest, as this would naturally lead to the production of new com- 
pounds of widely different natures. These theories explain, to a 
large extent, the behavior of mitochondria within the animal and 
plant cells, where they appear to be closely associated with the pro- 
duction of cellular materials.^^"^^ 

Another school of thought, however, brings forward evidence to 
show that the Golgi apparatus alone is associated with secretory 
processes, and that during this phenomenon the mitochondria play 
no active role. There seems little doubt that the process of fat ab- 
sorption in the mammalian intestine is correlated directly with the 
Golgi apparatus.^® During secretion in the thyroid gland it has been 
conclusively shown that both the Golgi bodies and the mitochondria 
are engaged in the process of secretion.^’ 

Ma, Lim and Liu,^® on the other hand, have taken an independent 
course and conclude that “the Golgi material is the lipoid or fatty 
component of the mitochondria, which becomes demonstrable on 
the dissociation of the mitochondrial substance.” 

Ludford,^® assuming a broader view of the problem, has taken into 
consideration the function of the Golgi bodies and correlated it with 
an enzymatic conception of mitochondrial activity and concludes 
that synthesis by enzijnnes may occur at the protoplasmic interface. 
The resulting products continually diffuse into the cytoplasm, 
thereby preventing an accumulation at the surface of the mito- 
chondrium, which would inhibit further S3mthesis. He suggests that 
these elaborated cell products are concentrated into droplets at the 
surface of the Golgi apparatus prior to their elimination. 

Ludford’s theory of a functional interrelation existing between 
the Golgi apparatus and the mitochondria furnishes an explanation 
for the behavior of these structures during cellular metabolism, and 
deserves serious consideration. 

Now tliat the function of these bodies has been considered during 
normal metabolism it wall be necessary to review briefly their re- 
sponse to abnormal conditions and disease. The interesting ques- 
tion arises, and incidentally is still a matter of debate, as to whether 
or not the reaction of cell inclusions to pathological conditions can 
be accepted as a diagnostic criterion of disease. 
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Earlier authors, among whom were Tello,‘° Fanan^^^ and Le- 
gendre,- first reported a definite alteration and behavior of the 
Golgi apparatus during malignancy, while several others have ar- 
rived at contrar}’' conclusions. The general literature in this field 
is far too conflicting to warrant any detailed discussion, but never- 
theless some of the more recent work in relation to the response of 
these cell organs, follovdng cellular injury and to the administra- 
tion of chemicals, is of extreme importance when considering the 
(ytopathological action of morphine. In this field experiments of 
Policard, Gamier and Scott are of interest. The former authors 
reported that the administration of phlorizin causes a notable 
decrease in the amount of mitochondrial substance within the tub- 
ules of the kidney.^ Scott, when obsei^ung the effect of phos- 
phorous poisoning upon the mitochondria in the acinar cells of the 
guinea pig, found that these inclusions respond by eventually break- 
ing dovTi into fat granules. 

The association of clinical symptoms wdth functional beharior of 
the cell organs in severe pathological conditions has been reported, 
Goetsch has observed a marked increase in mitochondria in many 
cases of hyperthyroidism, and Homans has correlated mitochon- 
drial changes in the 0 cells of the islets of Langerhans vnth diabetic 
lesions. 


The recent work of Ludford ^ on the biological action of X-rays 
on malignant growths also shows that cytological changes are in- 
duced by irradiation. In certain types of transplantable tumors he 
found that irradiation results in an immediate action on the mito- 
chondria (which become vesicular v/ithin 40 minutes), while the 
Golgi apparatus responds by hypertrophy and fragmentation. 
I*i,rorcovcr, it is reported that after irradiation enlargement of the 
cells is accompanied by a definite increase in the mitochondria and 
an enlargement of the Golgi material. 

Tiie physiological investigations of Hall and MacKay,” on the effect 


of administration of gluco.se on liver cells, show that glucose causes 
hyj)ertrophy and cnspherulation of mitochondria. By thesx* .studies 
they have established a relation between the mitochondria of the 


hepatic cells and the glucose-glycogen equilibrium. Further evidence 
i.^ afforded by Weatherford,*' who, while obser.’ing mitochondrial 
changes in the initial .stages of acute inflammation of connective 
tissue ccl!.-, has shown tliat they give a definite morjdiokigioal re* 
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action to this condition and form chainlets, which finally segment 
into spherules, thus indicating their sensitivity to cellular injury. 
Nahm 2® has likewise lately shown that the Golgi elements are more 
readily demonstrated in certain tissues after short autolysis than in 
the normal. 

Although the general literature concerning the changes of these 
cytological constituents in cell injury and pathological conditions is 
somewhat conflicting, the evidence as a whole indicates that they 
are responsive, but at the same time inconsistent in their morphologi- 
cal reactions to such changes. Assuming these cell organs to be the 
seat of enzymatic action within the living cell, the differences of 
op ini on concerning their behavior under varying conditions might 
possibly be due to the fact that observations were made during 
different phases of cellular functioning when their morphological 
and staining reactions would alter accordingly. 

Various authors, when writing of morphine tolerance, point out 
that there is no substance in the body that will neutralize the poison. 
Consequently it is natural that one should look for some direct 
change in the metabolism of the cells, which is quite likely to be 
morphologically expressed by quantitative and qualitative changes 
in their cytological components. 

rv. General Observations 
I. Acufe Morphinism 

Ma,^ in his dissertation on morphinism, divides the acute reaction 
' to the poison into the stimulated and depressed stages. The former 
is I to 5 hours and the latter 6 to ii hours after the rodent has been 
given a single injection. He is able to associate these two periods 
of the acute condition with accompanying constant cytological 
phenomena, which are characteristic for each phase. During the 
first period he reports an increase in the Golgi material, while the 
mitochondria remain unaltered. In the second, the reverse condition 
occurs, the Golgi material becoming decreased while the mitochon- 
dria respond by a slight increase in numbers. 

Detailed examinations of the tissues under acute morphinism, in 
the present investigation, reveal that, although the cell inclusions 
in most cases respond morphologically to an acute injection, the 
results are so variable and inconstant, even in all good cytological 
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preparations, that it is impossible to associate any alterations vrith 
any special phase of the acute condition. In some tissues the c^do- 
logical demarcation is so slight that it is almost impossible to dis- 
tinguish between normal and morphiniaed material. The response, 
in terms of morphological variations in the cell components during 
acute morphinism, vrill now be reviewed. 

Liver: An examination of Figures 1-4 demonstrates the general 
marked differences between the tissue fixed by diyn'ng while freez- 
ing vdth the new Altmann technique (Figs. 1 and 2) and the portion 
of the same liver treated by the ordinary histological procedure 
(Figs. 3 and 4). The dehydrated tissue shows less afllnit}’ for 
stains and, viewed through the higher powers of the microscope, re- 
sembles frozen sections of living tissue. The individual hepatic 
cells exhibit less shrinkage, and their nuclei, shoving less selection 
for the stain, arc larger in proportion to the size of tlie cell than 
those seen after histological treatment. The protoplasm presents a 
granular appearance and the mitochondria, which arc preserved, 
can be faintly distinguished. The endothelium lining the sinusoids 
of blood vessels is also clearly depicted; the blood cells that stain 
faintly resemble those observed in the hHdng state, the erythrocytes 
showing little or no shrinkage. 

No gross histological differences could be observed between the 
acute phase (Fig. 2), 5 hours after injection, and the controls 
(Fig. 1), beyond a slight hypertrophy of the hepatic cells. The 
mitochondria and other intracellular components revealed by this 
technique are too poorly differentiated to obsen'c quantitative or 
qualitative differences. 

Figure 3 depicts a section of liver fixed in Flemming’s solution and 
stained with iron hematoxylin 5 hours after tlie administration of 
an acute dose of morphine. A general hj'pertrophy is likewise ol>- 
.•^erved and is apparent when compared vrith the normal control 
(Fig, 4). The hepatic cells following an acute injection invariably 
show an abnormal number of fat globules (Fig. 3). 

Liver fi.ved from 2 to jo hours after the last injection, and treated 
by the general cj'tological mcthod.s, shows a variation from the 
normal in the number and stnicture of the mitochondria in the 


hcp.ilic cells, 'rhese changes accompanying the acute condiuo.n 
arc found, however, to vary' considerably, even in good cytologiral 
prep.iration? made from different rats killed at the same time fob 
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lowing morpliine administration. In certain animals the response 
to the drug, which involves granulation and hypertrophy of the 
mitochondria, was so slight that it was difficult to associate any 
specific alteration with the acute phase. This condition was not 
observed in all control material, but it is assumed to be a morpho- 
logical reaction expressing the sensitivity of mitochondria to the 
poison (Fig. 5). 

The Golgi bodies, even in preparations of control liver, exhibit a 
wide range of structural variation. As the metabolism of this organ 
is complex, normal and experimental material was obtained at 
regular intervals after feeding. Even with these precautions it is 
difficult to estabhsh a definite normal structure in osmic and silver 
preparations. No fragmentation of the Golgi apparatus is encount- 
ered in the morphinized tissue, but a slight hypertrophy, which is 
inconstant and definitely not specific for any time period following 
the dose, is occasionally observed. 

Examination of nuclear phenomena in controls and acutely af- 
fected tissue reveals no deviation from the normal type. 

Pancreas: Pancreatic tissue, when treated by the new Altmann 
freezing method, responds well to this technique. Far less shrinkage 
is observed, as compared with the ordinary histological controls. 
The filamentous mitochondria and zymogen granules are detected 
but are not clearly differentiated from the cytoplasm, thus making 
quantitative or qualitative estimations impossible. The islets of 
Langerhans display less affinity for the stain than the acinar tissue. 
No gross histological differences can be ascertained between normal 
material and that under acute morphinism. 

Control cytological tissue, after fixation in Regaud’s fluid and 
staining with acid fuchsin and methyl green, is represented in Figure 
7, where the deeply staining zymogen granules are seen aggregated 
within the nuclear zone, while the filamentous mitochondria are 
restricted to the basal regions of the acinar cells. Figure 6 depicts 
the experimental material, 5^ hours after injection, treated by 
the above method, and shows clearly an extreme variation in the 
action of the drug. In most areas the filamentous mitochondria 
have rounded up into granules which occasionally fuse, forming 
larger globules. These globules stain poorly and resemble similar 
structures obtained in the phosphorous poisoning experiments of 
Scott from Uie mitochondria of the acinar cells of the guinea pig. 
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This phenomenon is more marked in some preparations than in 
others. Examination of a large number of sections demonstrates 
enormous variations, from a slight abnormality to extreme globule 
formation. The mitochondria in the islet cells appear to show more 
resistance to changes. Although the mitochondria in the pancreas 
of different rats under acute morphinism do not give a constant 
cytological picture, their general reaction appears to be more specific 
than in liver cells under similar conditions. 

The Golgi apparatus does not show very significant changes when 
compared with the control material. Slight fragmentation is oc- 
casionally met with in the experimental tissue, but no marked in- 
crease in the amount of Golgi material, described by Ma during the 
“stimulated phase,” is encountered. Similar variations arc observed 
in tissues 2 hours after an acute administration, at which time the 
reaction is similar to that produced 5^- hours after the dose. The 
gross cytological metamorphosis pictured by Ma between these 
two time periods is not confirmed. 

Nen'ous Tissues: The resistance of mitochondria to pathological 
conditions in nerve cells, which has been previously commented 
upon, has been confirmed in this investigation. The cells of the 
spinal ganglia, anterior horn cells of the spinal cord and the large 
pyramidal neurones in the cerebral cortex, together with the Pur- 
kinje cells of the cerebellum, were examined at various intcr\’als 
following an acute dose. The mitochondria of these cells of the nerv- 
ous system display no structural or topographical deviation from the 
normal. Even in material selected from a rodent that had received a 
second injection, 3 hours after the first failed, there arc no significant 
alterations. Under these conditions no changes in either the arrange- 
ment or staining reactions of the Nissl substance were recorded. 

d'hc Golgi apparatus, in contrast with the mitochondria, reveals 
a variable response to the action of the morjjhine in the form of a 
slight hspertrophy and occasional fragmentation. However, the 
apparatus show’s great morphological variation in most nerve ccIId, 
even under normal conditions, and varies from rod-shaped Ixidies 


to a network formation. This makers it difficult to distinguish any 
reaction of the neurone to changes in environment of the Golgi ap’ 
paratus in U:mv~- of structural alterations. The hyjH-rtrojjhy and 
f.mgmcntation is at times most marked (.see. Figs, to, so and st) 
v-'hen compared wdih control material (see Figs. i(). i*} and rKy 
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These results partly confirm those of Ma, who detected a similar 
increase in amount during the “stimulated phase” of acute mor- 
phinism, but they are contrary to the recent findings of MacEwen 
and Buchanan,^® who failed to correlate any deviation from normal 
in nerve cells imder similar conditions. Figures 16 to 18 depict the 
structure of the Golgi bodies in normal healthy neurones which, in 
all well controlled preparations, present a broken network of dense 
anastomosing threads. The apparatus in all larger cells displays a 
tendency for the network to become dispersed throughout the 
c3d;oplasm (see Figs. 17 and 18), while in the smaller cells it appears 
to be more closely drawn together in a compact mass around the 
nucleus (Fig. 16). Spinal ganglia, fixed i to 5 hours after morphine 
injection, show that acute poisoning is associated with a slight in- 
crease or hypertrophy of the Golgi material. This phenomenon, 
which is sometimes accompanied by fragmentation of the Golgi 
bodies, is depicted in Figures 19, 20 and 21. Further observations 
upon the spinal ganglia during Ma’s “depressed period” (10 hours 
after injection) fail to confirm the contentions of this author. No 
decrease in the Golgi material is detected in tissues fixed before or 
after the “depressed period.” 

Careful studies of a great nmnber of preparations reveal conclu- 
sively that acute poisoning is associated with a slight hypertrophy 
and occasional fragmentation of the Golgi apparatus, the physio- 
logical interpretation of which will be a subject of discussion in a 
later portion of this conummication. 

Intestine and Stomach: The mitochondria, under normal condi- 
tions and during acute morphine poisoning, were extensively 
studied in the absorbing columnar epithelium of the v illi in the small 
intestine, which lends itself beautifully to cytological investigation. 
These inclusions within the normal epithelial cells are arranged 
longitudinally to the axis of the cell, presenting a wavy filamentous 
appearance (Fig. 8). In the basal or subnuclear region of the cell 
the mitochondria tend to aggregate and form a capsule-like structure 
aroimd the nucleus, which is oval in shape and situated in the mid- 
dle portion of the cell. The accumulation within the subnuclear 
zone, which consists of granular mitochondria, is apparently a sur- 
face tension effect due to their phosphatidal nature.^^ Material 
fixed after an acute injection reveals small changes in shape and 
size of the mitochondria. These alterations vary greatly from rod- 
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shaped structures to globules in preparations taken from different 
rats at the same time following an acute dose. The most constant 
feature, in the acute condition, appears to be hj^ertrophy of the 
mitochondria. An extreme breaking do'mi and rounding off of these 
structures is showm in Figures lo and ii, and contrasts with the 
normal condition seen in Figure 8. Extensive studies have demon- 
strated that acute poisoning cannot be definitely associated with 
any special changes in the form of the mitochondria beyond a tend- 
ency for the filaments to break down into polymorphic bodies. It 
must be pointed out that the mitochondrial structures var}” accord- 
ing to the normal functional acthities of the cells, and great care 
must be exercised not to confuse this issue with alterations in shape 
and size incurred as the result of the drug. It has been shown, for 
instance, that mitochondria in the epithelial cells of the villi in man 
alter from the filamentous condition into rod-shaped bodies during 
fasting. Therefore, it is essential to regulate the diet of the animal 
as v.'ell as the time of collecting the material, before ascertaining any 
reaction lo induced pathological conditions. 

Tlie response of the Golgi apparatus to the drug can be observ'cd 
best in the gastric glands of the stomach, as w'ell as in the glands of 
Brunner in the subraucosa of the small intestine, and can be studied 
to advantage when sections are cut with a slight obliquity to the 
long axis of the gland. Under normal conditions the individual cells 
forming these glands are large, their nuclei being situated in the 
basal region, while the Golgi apparatus is always seen in the clear 
area of cytoplasm bctv/cen the nucleus and the apical region. The 
mitochondria, when in the filamentous condition, take up a position 
at the opposite pole of the cell and invariably form a dense mass 
around the distal region of the nucleus. At the onset of secretory 
activity the Golgi bodies, which are present in the form of individual 
pohmorphic structures, become reduced in amount and the mito- 
chondrial filaments give rise to granules which migrate witli the 
secretion droplets toward the apical regions of the cell (Mg. it)- 
Tliis phenomenon has led many workers to believe that the (jolgi 
an<i mitochondrial substances, by means of chemical interaction, 
play a dominant role in secretory actiritics, and akvo stresses the 
airc that should be taken to determine tJieir normal functional 
variations, before relying on morjihologicnl changes as indicator;* 
of pliysiological <lcprc/sion. 
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Detailed examinations of the cardiac glands of the stomach, 
pylorus and those of Brunner in the submucosa of the duodenum, 
obtained at the same time after feeding and at various intervals 
following an acute injection, reveal that the action of the drug in- 
curs a slight hypertrophy of the Golgi bodies (Fig. 12). This phe- 
nomenon is extensively variable and is more marked in some areas 
of the same preparation than in others, but is not due to imperfect 
impregnation. In several instances this process is followed by 
fragmentation of the Golgi material, as illustrated in Figure 12. 
Extensive studies of the Golgi apparatus under acute conditions of 
morphinism demonstrate its inconsistent morphological reaction 
to the poison. 

Muscle Tissue: Preparations of skeletal, cardiac and the involun- 
tary muscle in the walls of the intestine show no cytological devia- 
tion from the normal type. The apparent fluctuations in the amounts 
of Golgi and mitochondrial substance, described by Ma, are not 
encountered. 

Thyroid: The cell components of this gland display no cytological 
response to acute poisoning, beyond an increase in the amount of 
fat in the vesicular epithehum following a second injection 8 hours 
after the first. The secretory polarity of the Golgi apparatus, under 
these conditions, is maintained. 

Kidney: A tendency for the short mitochondrial filaments in the 
epithelium of the convoluted tubules to break down into globules is 
a phenomenon generally associated with the acute condition. This 
reaction is more variable even in tissues obtained from the same 
rodent, and on the whole is most marked 8 hours after injection. 
The larger globules stain a bright pink with the acid fuchsin-methyl 
green technique, and various intermediate colors between the red- 
staining mitochondria and these structures can be seen. Similar 
staining gradations are detected with the other methods. The Golgi 
bodies, as far as could be ascertained, are unaltered. But as struc- 
tural variations under normal functional conditions cover a wide 
range, the difl&culty in associating specific alterations in the form of 
the apparatus in this organ with induced poisoning is apparent. 

The cytological changes produced by the action of morphine, 
described above, were not found to be similar in different tissues, 
as Ma contends, nor could any abnormal nuclear phenomenon be 
attributed to the morphine. 
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The behavior of the rats to acute doses of morphine hydrochlo- 
ride appears to be a controversial point. Ma holds that they show 
sjTTiptoms of slight irritability, while !MacEwen and Buchanan^® 
report that their rodents, after a similar dose, pass into a deep 
narcosis for several hours, after 3 to 5 minutes following the injec- 
tion. ISIy observations, however, entirely confirm those of Ma. 


2. Chronic Morphinism. Cyiopalhology of Chronically Morphinked 
Tissues Examined ai Inicroals Before Disconlinualion 

of the Drug 


WTien discussing the pathology of morphine tolerance Ma con- 
tends that, provided the daily dose is administered regularly, no 
cytological deviation from the normal occurs, although he describes 
certain fluctuations in the form of specific rhythmic changes in both 
amount and form of the cell components during the interval be- 
tween injections. During what Ma terms the “middle of the craving 
period satisfied,” which is 12 hours after the last injection, a gen- 
eral dispersal and increase in the Golgi and mitochondrial material 
is reported. It is further contended that microscopic preparations 
obtained from rats at the end of 24 hours, before they receive their 
next regular dose of morphine, contrast cytologically with those of 
12 hours earlier. In the interim a decrease in the amount of Golgi 
material occurs and the inclusions gradually return to their normal 
morphological state. 

The evidence derived from this investigation does not confirm 
that of Ma. Certain slight changes in the morphology’' of the cell 
organs, which were by no means specific to all tissues, nor to any 
period either before or after the regular injection, were ob.scrvcd. 

Examination of tissues taken from rats that were under chronic 
morj^hinism for 61 to 7 months revealed the following cytopatho- 
logical changes. 


Stomach and Duodenum: Figure 13 represents a tran-sverse sec- 
tion through a gland of Brunner in the submucosa of the duodenum. 
In the vast amount of material studied the Golgi bodie.s in these 
gland cells possess a depleted appt'arancc and contrast with similar 
tissues under normal and acute conditions (compare Fig. 13 vrilh 10). 
Tins picture rtv«.-als an c-xtreme variation of the apparatus in the 
chronic state, and ako shows the Jos? of jy>wcr for selective staining 
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as well as morpliological change. Both in the normal and acute 
phases it tends to exist as a compact polymorphic body situated 
within the apical zone of the cell. In the chronically morphinized 
tissue, however, the depleted Golgi substance varies from small 
irregular bodies to anastomosing threads, which do not confine 
themselves entirely to the apical regions, as in the control prepara- 
tions, for they are frequently detected lying around the basal aspect 
of the nucleus (Fig. 13). 

The reaction of the mitochondria to chronic poisoning is demon- 
strated clearly in the absorbing columnar epithelium of the villi. 
These structures are usually filamentous and orientated longitudi- 
nally to the axis of the ceU in normal material (Fig. 8) . In chroni- 
cally morphinized tissues (see Fig. 9) they are extremely variable, 
tending to become fragmented, forming irregularly shaped bodies, 
somewhat depleted in appearance and finally losing their polarity 
in the cell. It appears likely that these phenomena, especially the 
loss of polarity, are due to chemical alterations in the structure of 
the mitochondria. 

Cowdry®^ has admirably summarized the evidence for concluding 
that the cytoplasmic organs are sensitive to pathological conditions, 
and the cytological deviations from normal occurring in these gland 
cells are further confiirmation of this sensitivity. Slight departures 
from the normal up to the extreme condition pictured in Figure 9 are 
common in this chronic material, taken at any period between the 
regular injections. This again demonstrates forcibly the enormous 
limits of structural variation which make it impossible to link any 
specific change with any special degree of chronic poisoning. 

Nervous Tissues: Owing to the complex and diverse morphology 
of the Golgi apparatus, even under normal conditions, it is only 
with difficulty and caution that any cytological changes can be 
associated with any degree of morphine tolerance in nerve cells. 
Beyond an aptness for the apparatus, in well controlled prepara- 
tions, to display less affinity for the several stains, no abnormality 
was met with. 

The curious resistance of mitochondria to pathological conditions 
in neurones is again confirmed by a study of their behavior in the 
chronically morphinized material. 

Pancreas: In many preparations of this tissue small departures 
from the normal in the cell components, which were confined to the 
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experimental material, are encountered. The mitochondria retain 
their normal filamentous appearance. This lack of response is not 
found in the case of acute poisoning (Fig. 6). At the same time they 
show less absorption for the stains, a phenomenon that appears to 
be characteristic of the chronic state. Slight fragmentation of the 
apparatus is occasionally met with, but the marked increase and 
dispersal of this substance •within the apical portion of the acinar 
cells, in the form of small granules, reported by Ma, 12 hours fol- 
lowing the last morphine administration, is not apparent. 

Thyroid: Certain interesting pathological changes in this gland 
appear to be associated with the chronic poisoning. The vesicles, 
in the majority of cases, contained -visibly smaller amounts of col- 
loid, a phenomenon that becomes significant -when compared with 
glands from control rodents. The cytological constituents retain 
their normal morphology and staining reactions. The accumula- 
tion of fat characteristic of the acute condition is not detected, and 
the lipoid droplets generally seen in the epithelium of the healthy 
thyroid are entirely absent. The interstitial connective ti.ssuc 
shows no significant variations. 

Kidney: The mitochondria present in the renal epithelium of the 
convoluted tubules are w’cll developed and resemble those seen in 
the normal organ, except that in certain areas of most preparations 
the same inability to absorb the stains is met -with. Globules, similar 
to those detected under acute morphinism, are present in a modified 
degree. The Golgi bodies display an irregular behavior by frag- 
menting in certain localized areas in the epithelial cells, and come 
to resemble the structures pictured by Ma during the middle of the 
“craving period satisfied’’ of chronic morphinism. 

Liver: Preparations of the liver show the mitochondria present in 
a. depleted form, otherwise tlicir morpholog>’ and distribution within 
the hepatic cells appear nonnal. Variable decreases in the glycogen 
content of these cells is a conspicuous feature in many region.s of 
chronically morjfiiinized liver. 

In \*!cw of these results it is of interest to review the ob^iervations 
of several authors in this field, .'\mold was one of the earlier 
workers wlio found an association of glycogen formation with 
mitochondrird activity, llus work is not in accord with the i.atcr 
contentions of Bang anrl .Sjdvali,'' who found that the distributiors 
of glycogen within the cell protoplasm does not conform to the 
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distribution of the mitochondria. The previous observations of 
these authors were later confirmed by Mann in 1928, who like- 
wise discovered no evidence of a morphological relation between 
the mitochondria and the glycogen of liver cells. Kater in a recent 
paper has come to the conclusion that there is no evidence for as- 
sociating the deposition of glycogen in the liver cell with mito- 
chondrial activity. In view of this conflicting evidence it is impossi- 
ble to determine whether the depletion of the mitochondria, char- 
acteristic of liver under chronic morphinism, can be correlated with 
the decreases in glycogen content. The Golgi material failed to 
show any reaction to chronic poisoning. 

Muscle Tissues: Skeletal and cardiac muscles reveal no significant 
cytopathological changes that can be attributed to the effect of con- 
tinuous morphine administration. 


3. Behavior of the Golgi and Mitochondrial Material in Addicts, 
After Abrupt Withdrawal of the Drug 

The “craving period” of chronic poisoning after withdrawal of 
the drug is divided by Ma into two phases, the first i to 4 days and 
the second 4 to 6 days after the final injection, and he finds that each 
period is definitely indicated by some cytological change. The first 
phase of the “craving period” is marked by such a decrease in the 
amount of Golgi substance that, in some cells, he reports it as almost 
absent. The second period is marked by a reappearance of the Golgi 
material and an increase in the mitochondria, which are enlarged 
and display better affinity for the stains. At the end of 10 to 12 days 
these inclusions return to their normal state. 

Detailed microscopic examination of the form and fluctuation of 
the cytological constituents in the tissues of the addicts during 
these phases reveals that the morphological variations encountered 
are not necessarily typical of any special state. They are found to 
exist in different areas of preparations from the same piece of chroni- 
cally morphinized tissue, and therefore come within the limits of 
possible variations of the Golgi apparatus and mitochondria in 
this material. Similar limits of variation may be found occasionally 
in the cell components in any tissue, even in the normal state. 

Observations were made upon the tissues of addicted rats at dif- 
ferent intervals from 24 hours until 3 weeks after sudden discon- 
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tinuation of morphine. Altliough it is kno\\Ti that abrupt with- 
drawal leads to severe pathological conditions sucli as edema^ in 
many tissues, this investigation has showm, contrary to Ma, that 
it is impossible to correlate any specific C}dological state witli these 
phenomena, and no marked cytological demarcation in the form of 
a sudden decrease of the Golgi lipoid (as Ma terms it), even in prepa- 
rations 48 hours following discontinuation, was detected. Edema 
incurred by morphine withdrawal, according to Barbour, Hunter 
and Richey,^' is accompanied by rapid loss of lipoid in most tissues. 
This should correlate theoretically with Ma’s findings, when taking 
into consideration his chemical interpretation of the lipoidal struc- 
ture of the Golgi apparatus. 

Even in tissues such as the gastric glands of the rat of 6§ to 7 
months addiction, in which the cell components appear to react to 
the drug in terms of a variable depletion of the Golgi material, no 
conspicuous cytological difierences can be detected at any intcrcMl 
immediately following withdraw'al. The same is found to be the case 
in tissues that give no significant response to continuous adminis- 
tration of the poison. 

Extensive studies have shown that the limits of morphological 
variation of the cell inclusions seen in the same piece of chronically 
raorphinized tissue arc almost identical with those Ma obtained in 
any particular phase, cither during or after the period w’hcn the 
regular morphine injections w^ere withheld. 


4. Microincincralion of Normal and Expcrimcnlal Tissues 

The location of the mineral constituents in normal, acute, and 
chronically morphinized tissues both before and after wdthdraw'al, 
as revealed by the method of microincineration of Policard,’* was 
c.xtensively investigated. After burning av/ay the protein com- 
pounds the cli.stribution and orientation of the inorganic salts were 
studied in dark-field illumination. 


.Although thorough examination of the incinerated material .diows 
a specific fli.stribution of the inorganic residues, which arc vi.^^ibly 
constant in cells forming similar tissuccs, no marked departures from 
(he norma! are observed between the c.xpcrimental and control 


material, 

C'ertain abnormal ash 
met with, hut repeated cx 


distributions arc, however, occasionally 
})eriments demonstrate that this p.ncnome*- 
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non is due, in all probability, to an artificial clumping of the mineral 
constituents brought about during the process of burning — a 
factor that appears to be largely dependent upon the temperature 
and time of incineration. 

Nevertheless, definite changes in the amounts and localization 
of mineral salts in various pathological states have been re- 
ported.®®’ The most striking results, in view of the negative 
ones obtained in this investigation, are those of Policard, Noel and 
Pillet.^ These authors comment upon the effect of different diets 
on the mineral distribution in incinerated hver sections from white 
mice. Variations from the normal were foimd after feediog the 
rodents on strict sugar, protein and fat diets, and also in the rate 
at which these tissues incinerated. 

This significant mineral variation, resulting from the changes in 
diet, observed by these authors, is interesting as no inorganic dis- 
turbance, following a lecithin diet of rodents for long periods, was 
detected by incineration. In the case of lecithin feeding this might 
be expected, for Glikin,^ Burow,^ Altschul,^® and Stern and Thier- 
felder concur that iron and calcium are present in lecithin in ap- 
preciable amounts. 

The administration of lecithin is followed by an increEise in the 
lecithin content of the liver,^^ but incinerated sections of this organ 
from rats fed for over 4 months on a lecithin diet fail to reveal any 
differences in mineral localization when compared with liver ob- 
tained from control rodents fed on a regular diet. 

Appreciable variations in the amounts of inorganic salts in nor- 
mal and corresponding pathological tissues estimated by chemical 
analysis have likewise been described. The most noteworthy re- 
searches in this sphere are those of Eaves, who gives interesting 
data concerning the increase in mineral salts during many pathologi- 
cal conditions in the human brain, and that of Adams, who dis- 
covered that serum calcium is higher in the blood of rabbits suffer- 
ing from senile cataract than in normal animals of the same age. 

As it has been shown that well advanced morphine addiction not 
only causes dehydration in certain internal organs, but that sud- 
den withdrawal of the drug results in a remarkable redistribution of 
water and severe pathological conditions such as edema of the brain, 
liver, kidney and muscles, as well as a marked increase in blood 
calcium, one would naturally expect such changes to be indicated by 
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a disturbance of the mineral organization of the cells, hlicroin ciner- 
ated preparations, however, of liver, kidney and brain, which were 
pathologically affected by sudden morphine \vithdrawal, show 
no deviation from the normal controls. Even if the pathological 
changes incurred by morphine poisoning are inorganically expressed 
by small specific fluctuations of the mineral constituents, it is un- 
likely that any such slight variations could be detected by the pres- 
ent microindneration technique, although a recent paper by Scolt®° 
on quantitative estimations of the ash in incinerated preparations 
indicates possibilities in this direction. 


5. The Cytological Effect of Lecithin Feeding on Normal Tissues, 
and on Acute and Chronically Morphiniecd Tissues, both 
Before and After Withdrawal of M orphinc 


The biological significance of lecithin feeding in normal animals, 
as well as its effect upon the toxidty of morphine and other alkaloids, 
has been a subject of much controversy. That lecithin administra- 
tion results in an increase in the general body weight and acts as 
an agent stimulating normal growth is a matter of debate. 

Ma, w'hen investigating the physiological results of lecithin feed- 
ing on the influence of body weight in white male rodents, reported 
a significant increase. After one month his experimental animals 
showed in some instances an increase of 9 gm. over the controls. A 
still greater increase of 27 gm. was found in the ledthin-fed females, 
as compared witli similar females of the .same age maintained on the 
control diet. 

Ma attempts to correlate this increase in weight, follovdng yolk- 
lecithin feeding, with definite cj'tological phenomena. His prepa- 
rations shov/ed that the cell components are better developed in 
tissues from normal lecithin-fed rats, the most marked diffcrcnce.s 
being c-xhibited b\’ the Golgi material. Ma’s phy.^iological intcrj)rc- 
tation of this phenomenon is based on the supposition that the GolgJ 
substance consists mainly of lipoids, among which lecithin occtipjcs 
the first place. The fact that lecithin is not absorbed as such wH 


be discufscrl later, 

'i'he grov.'th c.xpcrirnent5 with lecithin feeding, in this investiga* 
lion, yielded negative results. Twelve rats (fi males ami 6 females/ 
of the same age and weight were segregated and fed for -t months o<i 
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Merck’s yolk-lecitkin, in proportions as indicated in the text. At 
the end of this period their weights were compared with correspond- 
ing controls fed on the regular diet, and no significant increases in 
either their growth or weight were recorded. It might be suggested 
that the vast differences obtained by Ma between his lecithin and 
control-fed rodents are explicable on the grounds that the control 
diet was inadequate. Slight variations in body weight, however, 
were detected between the chronically morphinized rats of 65 
months addiction and those fed upon an ordinary diet. The loss of 
weight in these addicts was more marked after the first 2 months and 
on an average never exceeded 4 to 5 gm. Whether this was directly 
due to the pathological action of the morphine, or secondary effects, 
associated with a significant loss of appetite, is difficult to ascertaiu. 
After 4 months of morphine administration these rodents developed 
a normal appreciation of food, which was followed by a rapid increase 
in body weight. It is interesting to record that Barbour, Hunter 
and Richey,®^ when observing the reaction of dogs to morphine ad- 
diction, found that the animals always refused their food during 
the commencement of a series of injections. 

Microscopic examinations of control tissues agam demonstrate 
the enormous limits of cytological variation, particularly expressed 
by varying amoimts of the Golgi substance in normal material. 
These variations make it exceedingly difficult to determine any rela- 
tive increase of the cell components in the experimental tissues that 
might be inciurred as the result of lecithin feeding. 

Another important factor to be taken into consideration when 
making quantitative estimation is the metabolic state of the cell at 
the time of examination. Figure 14 depicts a transverse section 
through the gastric gland of a lecithin-fed rat killed at the onset of 
secretory activity, in which an increase in mitochondria and as- 
sociated granules, together with a decrease in Golgi substance, is 
involved. Observations on such material during the resting stage of 
glandular activity and also in other tissues show nothing signifi- 
cantly above normal. The cytological constituents in lecithin-fed 
tissues are always clearly rendered, and in several instances better 
developed than in the controls, but as this occasional phenomenon 
is an irregular one it cannot be attributed solely to the lecithin diet. 

In order to restore the Golgi apparatus, which Ma found “almost 
entirely lacking” during the “craving period,” following morphine 
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withdrawal, he contends that if lecithin is regularly administered 
together with the usual dose of the drug a few days before discon- 
tinuation, the Golgi material is thus prevented from becoming re- 
duced and so retains its normal appearance. He shows c^'^tologically 
that without lecithin treatment the cell inclusions revert to their 
normal condition lo to 12 days after the final injection, but tliat 
lecithin feeding, on the other hand, 6 days before and after, prevents 
this abnormal reduction of the Golgi substance. 

As material studied in this investigation reveals that the ap- 
paratus, and in some instances the mitochondria, in chronically 
morphinbjed tissues undergo a depletion before withdrawal (see 
Fig. 13), it is difficult to compare the results of subsequent treat- 
ment with those obtained by Ma. Experiments, nevertheless, were 
carried out in this direction, but no significant results were observed. 
Chronically morphinized tissues from rodents, one-half of -which 
w’cre control-fed and the other lecithin-fed, 8 weeks before morphine 
discontinuation, w'cre examined 2 days after sudden withdrawal, 
and no cytological differences beyond the normal morphological 
v'ariations typical of any healthy cells were observed. 

Figure 15 represents the form of the Golgi apparatus, tj'pical of 
the gastric glands, of a months addict, ledthin-fcd and killed 4 
days after withdraw’al of morphine. The apparatus has in no way 
re.sponded to lecithin treatment. It is still reduced in amount, hav- 
ing a slightly depleted appearance, and in no way differs from that 
of the control-fed material obtained under similar conditions. Ex- 
tensive examination of various tissues yields no significant results. 

The cell inclusions that reacted to the chronic poisoning in the 
several organs gradually return to their normal state within 2I 
weeks after the final injection, which confirms the previous obser- 
vations of Ma. 

The immediate effect of an acute morphine injection upon the 
Golgi material, of nerve and glandular tissues of a normal Iccitlun- 
fed rodent, shows that beyond a slight hypertrophy of the appara- 
tus. frequently observ'ed under such conditions, no cytological devia- 
tion from type is detected which would suggest any intcraclion 
between the alkaloid and the lecithin. 
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V. Discussion 

A review of the behavior of the several cell organs during acute 
and chronic poisoning, as well as their reactions to cell injury and 
disease, shows that they are responsive to gross metabolic and patho- 
logical changes, but their use as indicators of fine degrees of physio- 
logical depression is not based on sufficiently reliable evidence. 
When taking into consideration the wide range in the limits of 
morphological variation of the inclusions, found even in normal 
healthy cells, it is impossible to correlate any slight structural altera- 
tion with any specific degree of morphine tolerance, and on these 
grounds this investigation fails to concur with the results obtained 
by Ma. The Golgi elements, in particular, have been shown to be 
inconstant morphological luiits, their structure depending largely 
upon their reaction to the type of teclmique employed. The appara- 
tus, as seen even in well controlled preparations, in the same piece 
of tissue treated by either the osmium and silver methods, invariably 
shows structural diversity. 

These experiments also demonstrate that the appearance of the 
Golgi elements is not only contingent upon the impregnation, but 
also the period of fixation which had to be regulated according to 
the type of tissue. Some of the variable factors controlling the im- 
pregnation of the Golgi material have recently been discussed in 
detail by Nahm.^® 

The mitochondria appear to be more consistent in their reactions 
to different cytological procedures and to induced abnormal con- 
ditions. Their extraordinary resistance to acute and chronic poison- 
ing in nerve cells is difficult to interpret, especially when variable 
morphological changes are associated with this phenomenon in 
other tissues. These results confirm those of Strongman and 
McCann,^2 latter finding that mitochondria in experimental 
poliomyelitis remained unchanged even after the nerve cells had 
undergone partial degeneration, while the former demonstrated 
their immutability in functional exhaustion. 

The hypertrophy of the cell organs following administration of 
an acute dose of morphine, which is very noticeable in the Golgi 
elements of the nerve cells of the spinal ganglia and in the mito- 
chondria in the acinar cells of the pancreas, is a difficult phenomenon 
to explain in view of the uncertain chemical composition of these 
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inclusions. Bancroft and Richter,^ when inquiring into the phys- 
iological action of anesthesia on tissues, suggested that narcotics 
such as morphine caused an aggregation of the cell colloids. This 
is worthy of consideration and the possibility that an absorption 
of the alkaloid might lead to an increase in the surface area of these 
cell constituents should not be overlooked. 

The depletion of the Golgi and mitochondrial material, e.xprcsscd 
variably in terms of partial loss of staining reaction combined with 
a slight decrease in their bulk, typical of most chronically morphin- 
ked tissues, is an interesting gross cytological response that might 
possibly be correlated, in some respects, vrith the physiological ob- 
servations of Barbour, Russell, Flowers, Dunham and Hunter.'’^ 
These investigators find that well advanced morphine addiction 
incurs dehydration of certain of the internal organs, and also that 
sudden withdrawal of the morphine causes edema, with loss of 
lipoids, in some parts of the brain, liver and kidney, together with 
a remarkable redistribution of water. 


Assuming tliat the generally accepted idea of the lipoid structure 
of the Golgi substance is correct, this might account for the deple- 
tion of the apparatus after morphine discontinuation, but as it 
seems to take place in certain tissues of well advanced addicts, 
before the drug is withheld, it is difficult to interpret. 

Barbour, Hunter and Ricliey report an interesting observ'ation 
in this connection. I’hey discovered that when fat-fed dogs were 
suddenly deprived of morphine a rapid loss of liver fat (in 4 
days diminished by 36 per cent in some cases) occurred, v.'hilc the 
livers of dogs on a non-fat diet showed an increase. This observa- 
tion is of interest in vdew of the recent work of Smith and Kater 
and Smith,'" who show that mitochondria in liver cells probably 
act as catalysts, stimulating a synthesis of fat from the fatty con- 
stituents of the cell. It is therefore possible that the reserve fats of 
adipose tissues in the dogs fed on a non-fat diet arc conveyed by the 
blood stream to the liver cells and here resynthcsiml by mitochon- 


drial activity. 

Overton "" finds that the j)ov.-er to produce narcosis is entirely 
dependent upon the power of the substance to dissolve the Hpm 
membrane of the given cell As it is seen that the cytopathologu.d 
response to morphine varies according to the tissue acted uf/m, it 
might i>e suggested tliat this diiTerence in eiTect is |vrofiueed by tin 
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fact that the chemical structure of the cell membrane varies with 
certain types of tissues and gives a different response to morphine 
in each case. 

The results presented in this paper on the negative effect of lecithin 
administration in normal, and in chronically morphinized rodents, 
both before and after morphine withdrawal, become more explicable 
after reviewing the evidence of several workers in this field. 

Lecithin, which belongs to the group of phospholipoids, was first 
isolated by Gabey in 1846, and on hydrolysis yields glycerophos- 
phoric acid, fatty acids and choline.^® Following its discovery it 
was used clinically, and later abandoned, as a cure for diseases 
ranging from beriberi and scurvy to anemia and debility,^’’^ and 
its influence as a growth-stimulating factor is still a matter of con- 
troversy. Ma,®® however, reports success in applying this substance 
to suppress S3miptoms during treatment of human opium addicts, and 
also finds that on microscopic examination of their blood the Golgi 
apparatus in leukocytes, during the “craving period,” decreases 
considerably in amount, and increases provided the patient is 
treated with lecithin. In a later investigation he finds that the 
erythrocytes of chronically morphinized rats “received great benefit 
from the treatment with lecithin after withdrawal.” 

This last work of Ma is of interest in view of the recent observa- 
tions of Masasue,®” and Gronberg and Lundberg.®^ Masasue finds 
that blood taken from human morphine addicts, when compared 
with that of normal persons, shows a lower red count. Gronberg 
and Lundberg have found independently that lecithin adminis- 
tration in vivo brings about a rise in the number of red blood 
cells. From this evidence it might be assumed that morphine has a 
depressing effect while lecithin stimulates erythropoiesis in bone 
marrow. It has been shown further that, in the case of advanced 
human morphine addicts, a single injection of the drug results in a 
leukocytosis within 30 to 60 minutes. As this change of leukocytosis, 
however, is only a transient phenomenon (the blood becomes nor- 
mal in 90 to 120 minutes following the injection), it is dif&cult 
to correlate this physiological change with the cytological changes 
described by Ma,®^ as occurring in the blood of chronically mor- 
phinized rats for extended periods after withdrawal. 

MacLean,^^ in his monograph, “Lecithin and Allied Substances,” 
admits that the results of feeding experiments with lecithin are in- 
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conclusive, and tliat its administration does not appear to be fol- 
lowed by ver>’' significant results. Other authors point out that 
owing to the unsatisfactory state of knowledge concerning the lipins 
it follows that their exact function in animal economy must neces- 
sarily be obscure. 

Ever since Danilewsky in 1895 published his startling results in 
whicli he found that tadpoles placed in water containing 0.07 per 
cent lecithin gained 300 per cent more W'cight than controls kept in 
ordinar}'- water,®- many workers have come forward with most con- 
flicting evidence concerning the growth-stimulating powers of this 
substance. Ma’s results entirely confirm those of Hatai,®-’ who dis- 
covered that white rats, v/hich received lecithin either by injection 
or mouth, gained in body w^eight more rapidly than the control-fed 
animals; the gain in the experimental rodents being on an average 
60 per cent. Likewise, Desgrey and Zakey describe an increase in 
the body weight, especially in the ner\^ous and skeletal systems, 
following injections of lecithin. It is interesting to note that these 
conclusions w'ere not entirely confirmed by Hatai, who further found 
that administration by mouth incurred greater gain in body weight 
than by inoculations. Then Goldfarb reported tliat there was no 
clear evidence of growth stimulation as a result of administration of 
this substance. He entirely failed to confirm Danilew'sky 's work on 
tadpoles, and after extending these experiments to both carnivorous 
and licrbivorous mammals failed to concur with the previous re- 


sults of Hatai, Desgrey and Zakey. 

A more recent publication on this subject by Brachie.si gives an 
independent view on the nature of lecithin stimulation of growth, 
whidi diflcrs from the findings of Ma and other authors. Brachic.-i 
treated guinea pigs with subcutaneous injections of Iccitliin for 15 
successive days. I'hc animals were killed after 18 days. 1 he Iccithin- 
fed animals showed a decided increase in weight over the controls 


up to the i2lh day. Their w'cight then became con.slant for the nc.^t 
6 day.s. From these experiments this author as.sumed that lecithin 
modified the metabolism up to the 12th day and that afterwards 
an equilibrium was reached. Other groups of animals were simiiarh 


treated over longer periods and the .same phenomenon was 


en- 


founlcred. 


There is, in fact, evidence that suggests the nature of the influein*. 
of Sedthin on growth is rather inhibitory. Robertsoti ® found tlu.t 
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large doses of lecithin given to mice produced a slight retardation 
of growth. Similar retardation in suckling mice, following the ad- 
ministration of 100 mg. of egg-lecithin per day, given by mouth to 
the mother, was recorded by Robertson and Cutler.®® 

This result is supported by the evidence of Fingerling who con- 
tended that the addition of lecithin to the diet is without effect on 
the secretion of milk. 

The specific nature of the fatty acids of lecithin was first doubted 
by McCollum, Halpin and Drescher,'^® who demonstrated that the 
degree of unsaturation of the lipin fatty acids of egg yolk is acci- 
dental and can be easily influenced by diet. If this is so it might 
help to explain many of the conflicting results on the growth phe- 
nomena in relation to this substance obtained from eggs. 

In view of the results of these workers and those obtained during 
this investigation the following experiments of MacArthur and 
Luckett^^ are of interest. These investigators succeeded in elimi- 
nating not only lecithin but cephalin, cholesterol and fat from the 
indispensable constituents of foods for mice, and Osborne and 
Mendel found that the body weights in rats could be maintained 
on a fat-free diet. 

The recent cytological findings of Ikeda on the effect of lecithin 
on the Golgi and mitochondrial elements in chicken material do not 
agree with those of Ma, and the present investigation. This author 
reports that lecithin inhibits the development of the Golgi apparatus, 
but has the opposite influence on the mitochondria. The results of 
Okada,'^ on the effects of lecithin upon the mitochondria in the 
neurones of rabbits, confirm those of Ikeda. 

When reviewing the several conflicting observations of these in- 
vestigators the fact that lecithin is not absorbed as such raises a 
question which Ma admits is difficult to answer. MacLean^^ 
showed that it is acted upon by lipase within the intestine and 
broken down into fatty acids, glyceryl-phosphoric acid and cho- 
line. This may also have a bearing in some degree on the negative 
results obtained by lecithin administration, both as a growth-stimu- 
lating substance and a therapeutic agent for the treatment of mor- 
phine addiction in rats. 

The histological changes in the thyroid gland under acute and 
chronic morphinism, recorded in this study, do not coincide with 
those of Scarborough.'® This worker finds that chronic poisoning 
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is not associated with any change in the structure of this gland and, 
moreover, that tlie combination of chronic morphine poisoning with 
thyroid feeding inhibits the action of the drug upon the nervous 
system and checks the edema of the internal organs, generally as- 
sociated with tliis condition. 

^Mien correlating cjdological changes with pathological depres- 
sion the fact that the cell inclusions are morphologically condi- 
tioned according to the chemical state of the cell must first be con- 
sidered. As has been showm, the reduction of the Golgi material, 
ensphcrulation and increase of the mitodiondria, are all part of a 
normal phenomenon associated with the general functional behavior 
of the gland cells during secretory activity. Even in healthy non- 
glandular cells, in both the animal and plant kingdoms, fluctuations 
in the amount of the inclusions, which are probably morphological 
indications of a synthesis involving condensation of material within 
them or at their surfaces, are frequently encountered. As physico- 
chemical processes writhin the cell appear to be largely responsible 
for the enormous limits of structural variation of cytoplasmic con- 
stituents, seen in normal tissues, these experiments have emphasized 
the danger of reljdng on these variations for gauging fine degrees of 
ph3'siological change in cells undergoing diverse chemical influences. 


\T[. SlTiHURY 


1 . An investigation has been made of the reactions of cytoplasmic 
structures in different cell t>pes to varying degrees of morpliine 
poisoning, during the periods of regular injections of the drug and 
at stages following its abrupt withdraw’al. 

2. Under conditions of acute morphine poisoning the cell inclu- 
siens show variable mor|)hological cliangcs, which arc de.scribed in 


detail, but specific dianges, indicative of special phases of the acute 
condition, could not be recognized consistent!}'. 

3. More signifioint, but still inconstant, alterations in the cyto- 
plasm follow addiction for periods of 6 months or more and before 
the injections arc discontinued. In the glands of the .stomach 
and duodenum the Golgi apparatus is depleted and the mitochondri.a 
are frcquc-ntly fragmented and without regular p-darity. -’^fiaor 
diarigcs arc rea^rded in the pancreas, thyroid gland and liver. 

A. Abrupt withdrawal of morjdiine, after a jirolonged i)eriod of 
addiction, has been shown bv other investigators to cause path')- 
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logical conditions in various tissues. There is no evidence, however, 
of cytoplasmic alteration which would indicate the effects of with- 
drawal of the drug. 

5. Morphine poisoning does not cause alterations in the mineral 
constituents of tissues that can be detected by microincineration, 
although this technique has been successful in the investigation of 
various common pathological conditions. 

6. The growth-stimulating action of lecithin fed to normal rodents 
is not confirmed, nor does this substance appear consistently to alter 
the cytoplasmic structures in normal tissues. Lecithin adminis- 
tered therapeutically to acutely and chronically morphinized ani- 
mals, both before and after withdrawal of the drug, has no significant 
cytological effect which would suggest that there is any interaction 
between itself and the morphine. 

7. The pathological action of morphine on cells in various tissues 
appears to occasion changes in the cytoplasm that are so delicate 
and variable that morphological alterations in cell structures, such 
as the Golgi apparatus and mitochondria, are not reliable indicators 
of the acute, chronic and withdrawal phases of morphinism. 

8. Morphological changes in the cell organs are met with in 
special instances following morphine poisoning, but when the limits 
of variation of the cell organs, which alter even in different functional 
states of the normal healthy ceU, are recognized, these changes are 
found to range within such limits and therefore lose significance as 
indicators of the different phases of morphine poisoning. 
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Fig. I. Control section of liver from a normal healthy rodent after treatment 
by the Altmann technique for fixation by drying while freezing, stained 
with licidcnhain’s hematoxylin and counterstained in eosin. The hepatic 
cells shov.' less shrinkage when compared with tliose of a portion of the 
same liver, fixed by the ordinarj’ histological procedure, and their nuclei 
show less afilnity for the stain. 

Fig. 2. Showing section of liver, fixed by the Altmann method, 5 hours after 
a single acute injection of morphine sulphate. Observe the .slight hyper- 
trophy of the tissue. 

Fig. 3. Same material morphinized as in Fig. 2, but fixed in Flemming’s solu- 
tion and stained by Heidenhain’s hcmatox>din instead of by the Altmann 
method. Note the accumulation of fat in the h>-pertrophicd hepatic cells, 
which is a phenomenon associated with the acute condition. 

Fig. 4 - Showing section of control liver obtained from a normal healthy rodent, 
after treatment by the ordinary histological procedure, nic difTcrcnccs 
in staining as well as the general condition of the cells are apparent when 
compared with similar material treated by the Altmann tcdinique, as 
demonstrated by Fig. x. Note the absence of cell hyjxertrophy and fat 
accumulation typical of acutely morphinized liver. 
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Fig. 5. Liver fi.xed 8 hours following an acute injection of morphine hy<lro- 
chloride. 'I'his photomicrograph shows an e.xtrcme variation of tlic re- 
action of the mitochondria to the poison. The material was fixed in Kc- 
gaud’s fiuid prior to staining with acid fuchsin and methyl green. 

Fig. 6. Depicting an e.xtrcme variation of mitochondrial behavior in the 
pancreas si hours following an acute injection of the drug. Observe the 
formation of lightly staining globules and the absence of filamentous 
mitochondria. Material was fi.xed and stained as above. 

I'lG. 7. Fontrol section of pancreas from normal healthy rat fi.\ed and stained 
as above, Xotc the mitochondrial filaments arc restricted to the basal 
region of the acinar cells and also the absence of globules. 
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S. Showing filamentous structure of mitochondria as seen in the alw)rl)- 
ing columnar epithelium of the intestinal villi in a normal rat after fixation 
- cgauds fluid and staining by acid fuclisin and methyl green. Note 
:e longitiKlinal arrangement of mitochondria to the axis* of the cell, lo- 
gcttier with the basal or subnuclear aggregation of mitochondria fonning 
a capsule around the nucleus. 


Pk;. 0. Demonstrating the reaction of mitochondria to chronic }>oisoning in 
c epithelium of the intestine of a 6?, months morphine addict. 'J'hc 
mitochondria have a slightly depleted appearance in contrast with control 

in i ig. s. ^ .Material fixed and stained by I.udford’s variation of the Xasso- 
nov technique. 


10 an( : i. Revealing an e.xtrcme reaction of mitochondria to a .single 
mns>ne injection of morphine ImJrochloride. In this material the rnilo- 
c lom ri.a \,ere seen to vary from chainlets to isolated spherical bodies 
V] nn t le .>-.1010 preparation. In these figures the mitochondria are seen as 
rtijnr u Hpertrophied structures. Compare with control formation in 
.g. o anr the chronic conrlition as demonstrated in Fig. o. Material fixed 
and stained ns in the latter. 
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Fig. 12. Transverse oblique section through gastric gland of stomach in rat 
killed 7 hours follov.'ing a single large dose of morphine. ObscPv'c slight 
hypertrophy and fragmentation of Golgi bodies. Material treated by 
Ilirschler's modification (iqiS). 

F'ig. 13. Shov.'ing depleted appearance of the Golgi substance in a transverse 
section of a duodenal gland of lirunner in the submucosa, obtained from a 
nit of 7 months addiction before withdrawal of the morphine. This photo- 
micrograph shows an e.xtrcme variation of this condition and contrasts 
with the condition of the Golgi apparatus of acutely morphinized material, 
as seen in Fig. 12. Material fi>:cd by Ludford’s variation of the Nassonov 
technique counterstained by orange G in absolute alcohol. 

Fig. la. Section cut transversely through a gland of Brunner of a norm.'d 
lecithin-fed rat. killed during secrctoiq.' activity. 'J'he Golgi boriies have 
become reduced, the mitochondria arc granular and have mignitcd to- 
gether with secretory droplets toward the apical region of the ceil; thi.' 
phenomenon is not due to lecithin feeding, and demon.strales the cylologica! 
state of a gland during normal functional behavior, 'f'issuc fixer! by l.ud- 
ford's variation of Xassonov’s technique, counterstained with orange G. 

Fig. 15. Showing the cytological appearance of a single gastric gland rif n 
lecithin-fed nit of 6 months addiction, killed .5 days after abrujit with* 
rlniwal of morphine. 'I'hc Golgi materia! is rendered clearly in the apical 
region of each cell in the glanrl. 'J’he Golgi substance still retain? its dc- 
pleteri ap[>earance peculiar to the chronic condition, anrl has not rc.qK)n(k d 
to lecitiiin admini.-rtratirm. 'Fissue fi.xed and staincrl as in Fig. i-?. 



American Journal of Pathology. Vol. X 


Plate 74 




Figs. i6, 17 and iS. Revealing the structure of the Golgi material in nerve cells 
of spinal ganglia of normal healthy rodents. Observe the diverse mor- 
pholog)' of the apparatus in the larger and smaller cells. In the fonner the 
Golgi apparatus is dispersed, forming a broken network throughout the 
cytosome (Fig. 18). The Golgi substance in the smaller cells forms a com- 
pact mass around the nuclear membrane (Fig. 16). lliis material was 
treated by Ludford’s variation of Nassonov’s Golgi technique and stained 
by orange G in 95 per cent alcohol. 
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Figs. 19. 20 and 21. Depicting nerve cells of .spinal ganglia in a rat following 
massive injection of morphine hydrochloride, obtained at intervals from 3 
to 5 hours after administration of the drug. Fig. 10 shows the condition 
of the Golgi apparatus 3 hours after injection. In both larger and smaller 
cells the Golgi material has undergone a slight fragmentation and hyper- 
trophy, which is apparent when compared with the appearance of the ap- 
paratus in normal material fsee Figs. 16, 17 and iS). Figs. 20 and 21 rep- 
resent material taken 5 hours after a like dose in which the Golgi apparatus 
presents a similar appearance to that seen in Fig. 19. In Fig. 20 tire ap- 
paratus in the smaller cells has undergone less fragmentation than in the 
larger, but displays a reaction to the drug in the form of a slight hyper- 
trophy. 
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HISTOLOGY OF THE CORONARY ARTERIES AND THEIR 
BRANCHES IN THE HUMAN HEART* 

Louis Gross, M.D., Emanuel Z. Epstein, M.D., and M. A. Kugel, M.D. 

{From the Laboratories of the Mount Sinai Hospital, New York, N.Y.) 

The descriptive literature on the coronary arteries and their 
branches is remarkable for its paucity. This is all the more ex- 
traordinary in view of the fact that diseases of the coronary arteries 
are occupying more attention today than ever before. With the 
exceptions of the reports by Wolkoff/ and Ehrich, de la Chapelle 
and Cohn, 2 few significant contributions have been made to this 
field during the last 15 years. This fact, together with a need for 
an accurate description of the age period changes in the finer myo- 
cardial vascular channels, has led us to report our investigations in 
this field. It seemed worth while to make a systematic histologi- 
cal study of the main coronary vessels and myocardial twigs, ranging 
in caliber from moderate sized branches down to capillaries, in order 
to determine their normal structure as represented in the first eight 
decades of life, and to observe whether or not there were any 
significant differences in the myocardial vessels in the various parts 
of the heart. Our observations, in common with others, have shown 
that the variations in structure of the coronary branches are not 
inconsiderable, even for the same age period. Since the reported 
observations are based largely on a study of relatively few normal 
hearts and because of the difficulty in obtaining material that would 
give a fair representation of what might be called the normal coro- 
nary vessel, these studies were made on fifty carefully chosen speci- 
mens. Diseases that were likely to implicate the coronary vessels 
were excluded, as were those hearts that showed obviously diseased 
coronary arteries on gross inspection. 

Methods and Materials 

The hearts were fixed in 10 per cent formalin saline f and blocks cut accord- 
ing to the standardized method of Gross, Antopol and Sacks.® By this technique 

* Aided by a grant from the Lucius N. Littauer Fund. 

t Solution of formaldehyde U. S. P. lo parts, i per cent sodium chloride solution 
90 parts. This solution is rendered neutral with a weak alkali 

Received for publication September 20, 1933. 
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six blocks are obtained representing those areas of the heart that experience 
has sho\\-n are most likelj’ to present pathological changes. They can reasonably 
be called strategic areas in the heart. Together with these six blocks there was 
also removed one block from the left circumflex coronary’ artery, i cm. from its 
ostium; one from the left anterior descending branch, 2 cm. from the ostium 
of the left circumflex coronary’ artery; one from the right circumflex coronary 
artery*, i cm. from its ostium; and one from the posterior descending branch, 
0.5 cm. below' the auriculoventricular sulcus. The blocks were dehydrated and 
infiltrated in the usual maimer. In the later age periods it was occasionally 
necessary to decalcify the specimen. Seven and one-half micron sections were 
cut from each block and stained as a routine wdth hematoxylin and eosin and 
Weigert’s elastic and Van Gieson's coimective tissue stains. Since we were 
primarily interested in tissue changes rather than infiltrations, relatively few 
fat stains were done. 


Gekeilvl Considerations 


In order that the nature of our material may be understood more 
clearly it is necessary’- to define our conception of what, for purjioscs 
of this report, constitutes a normal vessel. As is well known, cer- 
tain progressive changes, particularly afTecting the intima of the 
coronary arteries, appear soon after birth. These changes consist 
of splitting of the lamella elastica interna, the appearance of mus- 
cular elements between these split layers (the so-called musculo- 
elastic lay’cr and the further development of elastic and connective 
tissue elements internally^ to tlie latter. It is the opinion of several 
authors that some of these changes (development of elastic-hyT^^i'* 
plastic and connective tissue lay’crs) already’ constitute early* slagc.s 
of sclerosis, particularly since fatty changes not infrequently' occur 
concomitantly' with them. Whether these uniformly ocairring 
phenomena .should be placed under the category' of pathological 


processes becomes a matter of definition. 

In order to avoid confusion and to simplify the problem v/c .shall 
not attempt to make this dificrentiation, since it would lead us into 
the rather philo.sopliical c|ue5lion as to whether or not the occur- 
rence of pathological changc-s can be considered a normal proo.-.'S, 
and to the more theoretical cjueslion as to what constitute*? a patho- 
logical change. It will su 0 ice us to con.sider the development <>s 
these inlcrnal layers as normal and to c.xclude as abnormal the O' - 
position and fonnation in them in npprccinhle amount.? 01 .such adm- 






HISTOLOGY OF THE CORONARY ARTERIES 


255 


tional elements as calcium salts, lipoid crystals, blood vessels and 
cells of inflammation. 

While such a classification as to the normality of a blood vessel is 
arbitrary, it has the advantage that one must select as a base line 
such material as shows the least departure from the simple structure 
represented in the newborn. It also obviates the necessity of in- 
cluding such conspicuous changes as can legitimately be considered 
under the category of atherosclerosis. Limiting our material in this 
manner makes it increasingly difi&cult to find normal vessels in the 
later age periods. However, with careful selection cases can be 
found that show a minimum of such changes, even in quite advanced 
age periods. 

In order to define more accurately the problems to which particu- 
lar consideration was given in these studies it might be well to give 
first a brief description of the main coronary artery structure which 
represents a cross-section of opinions gathered from the works of 
Colucci,^ Edholm,° Faber,® Jores,^ Wolkoff,^ Bork,® Ehrich, de la 
Chapelle and Cohn,^ and Spalteholz and Hochrein.® This will be 
followed by a brief description of the small myocardial twigs, based 
on Wolkoff’s description. 

According to present conceptions the larger coronary vessel con- 
sists of three main layers, adventitia, media and intima. The ad- 
ventitia is made up of a meshwork of connective tissue whose 
density increases with age. Particularly in the inner layers of the 
adventitia are to be found elastic fibers running largely in a circular 
direction. The media consists of smooth muscle, for the most part 
circular in arrangement. Scattered among the smooth muscle fibers 
are circularly arranged elastic elements that are generally more 
conspicuous toward the outer layers of the media. The intima con- 
sists at birth of a single elastic lamella (lameUa elastica interna) 
covered with flat endothelium. With increasing age the intima be- 
comes more complex, this complexity being visible chiefly in the 
larger vessels and main trunks. The first change consists of splitting 
of the lamella elastica interna into two membranes between which 
smooth muscle fibers appear, running at times diagonally but gen- 
erally in a longitudinal direction. This constitutes the musculo- 
elastic layer. The outermost of these elastic membranes continues 
to represent the border line between intima and media and accord- 
ingly retains the name lamella elastica interna. The innermost 
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layer, as will be seen, undergoes numerous changes in addition and 
is referred to as the “inner limiting membrane.” Because of the 
confusion of this term with “lamella elastica interna” we prefer to 
designate it “secondary intimal elastic membrane.” Fine longitudi- 
nal elastic libers are found between the smooth muscle cells of the 
musculo-elastic layer. Already in the earlier age periods breaks in 
continuity begin to appear in the lamella elastica interna. Through 
these breaks smooth muscle cells from the media may be seen press- 
ing themselves into the musculo-elastic layer. On the other hand, 
by a process of splitting of the secondary intimal elastic membrane, 
the elastic-hyperplastic layer is formed. This layer takes on great 
proportions vith developing age. Finally, the inner portions of this 
layer develop a preponderance of connective tissue elements (col- 
lagen) and form the so-called connective tissue layer. These last 
three mentioned subdivisions of the intima increase in thickness with 


age until the intima eventually becomes considerably thicJier than 
the media. Simultaneously, however, with the development of these 
layers, areas of discontinuity appear vithin them so that at times it 
is difficult to distinguish their limiting borders. In places, one or 
another of these layers may be missing. In later age periods calcific 
and atherosclerotic changes occur in the intima. 

According to WolkofI the adventitia of the small myocardial twigs 
consists of a vdde connective tissue feltwork intermingled with 
elastic tissue which is more concentrated toward the media but 
forms no definite e.vtemal elastic lamella. The media consists of 
circular smooth muscle and clastic fibers. The intima is made up of 
fiat endothelium resting on a lamella elastica interna consisting of 
anastomosing longitudinal bands of clastic tissue. WolkofT obscia'cd 


no age period changes in these vessels. 

In anab’zing our material an attempt wall be made to follow the 
evolution of each main layer from birth to the eighth decade, gh'ini’ 
thus a dynamic picture of the changes that take place. Since our 
observations indicate that by no means do the age period changes 
in some of the smaller vessels occur, so to speak, at the same tcnij>o 
in the various parts of the myocardium, an attempt will be made to 
|y>int out ihe.^e difterences. It will be seen that to discus.s the exterit 
of progressive changes in the so-called myocardial arteries is of r<.- 
atively little value unless indication is given ns to the location of t ?>• 


vessel in the heart. 



HISTOLOGY OF THE CORONARY ARTERIES 


257 


It is to be borne in mind that the description must of necessity be 
one representing the average of a number of preparations, that 
very wide variations occur in the different parts of the same vessel, 
and that a given change is seldom uniform even throughout one 
microscopic section. In particular, the progressive changes in the 
intima are unevenly distributed so that it is thrown up into irregular 
plateaus, and our discussion will represent the average process tak- 
ing place in a given section. 

Because of the wide variations in individual vessels much of the 
published matter loses considerable significance as the individual 
variations cannot be considered along statistical lines. A notable 
exception to this is the report of Ehrich, de la Chapelle and Cohn.^ 
In our studies an attempt was made to examine considerable ma- 
terial in the very early age periods, as this has received scant atten- 
tion. Our description, therefore, will be based on the sequence of 
events as they are found month by month in the earhest age periods 
and within very close periods of time thereafter until the end of the 
first decade. An interesting chapter in the discussion of coronary 
artery structure, to which apparently little or no attention has been 
paid in the past, will be the description of the histology of the myo- 
cardial twigs, arterioles and capillaries. 

Left Circumflex Coronary Artery 

Intima: In the first two months of life the intima of this vessel is 
confined practically to a single layer of fiat endothelium which rests 
on a single continuous lamella elastica interna. As early as the third 
month this elastic membrane may begin to show areas in which 
splitting has taken place. These split areas enclose for the most 
part longitudinal fibers of smooth muscle (Fig. i). 

From this time on the splits become more extensive and conspicu- 
ous, so that by the end of the first year one not infrequently encount- 
ers specimens in which the entire circumference of the vessel shows a 
complete doubling of the lamella elastica interna. In such cases the 
outermost elastic layer (the lamella elastica interna proper) is gen- 
erally thick and more or less continuous on cross-section, the inner- 
most (secondary intimal elastic membrane) is often more delicate, 
may be discontinuous and shows many of its elastic fibers running 
in a longitudinal direction. The smooth muscle between these layers 
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increases in bulk and often shows delicate longitudinal elastic fibers 
running between them (the musculo-elastic layer) (Fig. 2). 

Simultaneously one also begins to encounter a series of progressive 
changes in the intima which can be stated briefly as represented by 
the appearance of discontinuities in the lamella elastica interna (al- 
ready seen in the third month) and continued splitting of the second- 
3.ry intimal elastic membrane (generally longitudinal elastic fibers) 
with the formation of connective tissue between the elastic fibers 
constituting the so-called elastic-hyperplastic layer (end of the 
first year). 

\^Tierever discontinuities appear in the lamella elastica interna the 
musculo-elastic layer lies in intimate relation to the subjacent 
media. It will be shown later that in such underl}dng layers of the 
media the smooth muscle cells may also run in a longitudinal direc- 
tion, with the result that it becomes impossible sharply to delimit 
media from intima (Figs. 3 and 6). This vdll be termed "border dis- 
appearance” and the longitudinal smooth muscle layer occupying 
these areas vdll be referred to as the "intermediary layer.” The 
frequenc}’' vdth which this intermediary layer is found will be taken 
up under the description of the media. 

E}' the end of the second year the development of the clastic- 
hyperplastic layer has become quite conspicuous. The intima at 
this time, how-ever, v.dth few exceptions, still remains considerably 
narrower than the media. The above described changes, namely, 
proliferation of the elastic-h>q)erplastic layer, growth of the musado- 
elastic layer and appearance of discontinuities in the lamella elastica 
interna, with development of the intermediary layer, continue pro- 
gressively and are quite well established by the end of the fir4 
decade. 


During the second decade the musculo-elastic layer bccom(,r.-> 
prominent and border disappearance is quite regularly met with. 
With the development of the clastic-hyperplastic layer even in the 
early age pcriod.s (end of the first year) the simple sdiema of 5 tn<c- 
turc for the musculo-elastic layer becomes altered in .several rc.q>ccb. 
First, the smooth muscle elements arc no longer confined betv.ee.. 
two clastic membranes but cm be seen spreading irregularly that 
they are found encroaching on the elastic-hyperplastic layer. 1 ht) 
also ocair irregularly di.slributed throughout the circurnferent.e o« 
the intima, appearing in greater concentration in some areas .>rto in 
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lesser concentration in others. It is, therefore, generally difficult 
to speak of a sharply defined musculo-elastic layer after the first 
five years of life. 

During the second decade the mdth of the intima generally equals 
from one-half to three-quarters that of the media, although in places 
it may exceed the latter. One also encounters occasionally a trans- 
formation of the elastic-hyperplastic layer into dense collagenous 
tissue, thereby forming the connective tissue layer. This transforma- 
tion is met with somewhat more frequently during the third decade 
but does not become a regular constituent of the intima until the 
fourth decade. Meanwhile, during the third decade the intima not 
infrequently equals or exceeds the media in width. 

From this time on the intima continues to widen, so that by the 
end of the filth and the beginning of the sixth decade it is generally 
several times the thickness of the media. With the appearance of 
consistently well marked connective tissue layers one not infre- 
quently encounters the deposition of calcium salts and lipoid crystals 
in the latter. Quite apart from this, however, from the fifth decade 
on one begins to note encroachment of the thickened intima on the 
media. In such cases one may see a decrease in the muscular ele- 
ments of the musculo-elastic layer. These changes occur in exag- 
gerated form during the sixth, seventh and eighth decades (Fig. 4). 

Media: The media of the left circumflex coronary artery in its 
simplest form consists of a band of circularly arranged smooth 
muscle intermingled with elastic fibers which run for the most part 
also in a circular direction. These elastic fibers are irregular in their 
distribution. They occasionally appear in greater concentration 
toward the inner half of the media but are usually more conspicuous 
toward the outer half (Fig. 5) . The quantity of elastic fibers in the 
media seems to increase somewhat with age. In those areas of the 
media that He immediately beneath a thickened portion of the 
intima, especiaUy if the latter encroaches on it, the elastic fibers 
are generaUy more prominent. 

In the second month of Hfe one begins to note bimdles of longi- 
tudinal smooth muscle in the media which are generally situated 
immediately beneath the intima (Fig. 5), but are occasionally seen 
lying more deeply. In some areas these longitudinal smooth muscle 
bundles, interspersed with longitudinal elastic fibers, may become 
so extensive as to encircle the entire circmnference of the vessel. In 
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such cases, however, there is almost invariably seen border disap- 
pearance, so that the longitudinal smooth muscle becomes a com- 
ponent of the intermediary layer (Figs. 3 and 6). 

Toward the end of the first year irregular areas of longitudinal 
smooth muscle begin to appear somewhat more frequently. They 
occur with great regularity as a component of the intermediary layer 
during the second decade. 

During the second year of life one begins to observe the presence of 
collagenous fibers in tlie media. These, how^ever, do not increase 
conspicuously in quantity until the second decade. They become 
very prominent from the middle of the fourth decade on. 

W^en sclerotic changes begin to appear in the intima there are 
seen frequently atrophic changes in the muscular elements of tlie 
media, with the encroaching elastic-hyperplastic intima dipping 
deeply into it. Vasa vasorum are not found normally in the media. 
With advancing atherosclerotic transformation, how'cver, blood 
vessels may appear in the media and penetrate into the sclerotic 
intima. 

Advenlilia: This outermost supporting structure of the blood 
vessel consists at birth of relatively loose bundles of connective tissue 
running circularly and diagonally, interspersed with circular and 
longitudinal elastic fibers. The latter are so decidedly concentrated 
at the media-adventitia border that they may be considered to form 
a lamella elastica externa, even though this is not a continuous 
membrane. The thickness and quantity of these clastic fibers in- 
crease rapidly during the first year of life. The increase thereafter 
until the end of the first decade is proportionate to the grow'tli of 
the vessel. From then on the fibers continue to concentrate im- 
mediately outside the media-adventitia border, but decrease in 
quantity throughout the rest of the adventitia. 

'J'he connective tissue fibers become progressively more compact 
from birth to the end of the eighth decade. 

Rciicd’ of Charadcrislic IJisIoIogkal Features of the Ixfi 
Circumflex Coronary Artery 

In reviewing these findings in the left circumilex coronar)' artery 
certain points may be emphasiacfl as follows: 

1. The early splitting of the lamella elastit^a interna. 
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2. The rapid formation of the elastic-hyperplastic layer. 

3. The diffuse and irregular growth of the musculo-elastic layer, 

which soon passes internally beyond the border of the so- 

called secondary intimal elastic membrane. 

4. The rapid loss in continuity of the secondary intimal elastic 

membrane. 

5. Existence of longitudinal smooth muscle in the media. 

6. The formation of the intermediary layer by fusion of the 

musculo-elastic layer with smooth muscle of the media. 

This occurs particularly after the first decade. 

7. The rapid concentration of elastic fibers in the adventitia in 

the zone immediately external to the media, with the disap- 
pearance of these fibers from the rest of the adventitia. 

A comparison of the development of these structures, as between 
the various coronary arteries, will be discussed following the descrip- 
tion of each vessel. 

Left Anterior Descending Branch 

Intima: This vessel generally differs from the other coronary 
branches in that its intima appears to be considerably advanced in 
progressive changes over that of the left circumflex coronary artery. 
At birth one can see irregular elastic-hyperplastic thickenings of the 
intima, fine splitting of the lamella elastica interna and early forma- 
tion of the musculo-elastic layer. By the second month of life dis- 
continuities, are noticed in the lamella elastica interna with here and 
there the formation of the intermediary layer in areas of border dis- 
appearance. Toward the end of the first year of life the intima may 
equal the width of the media in places. This is not found with any 
degree of regularity, however, until the end of the first decade. By 
the fifteenth year border disappearance may have become so com- 
plete that the intermediary layer occasionally occupies the entire 
circumference of the vessel. By the end of the second decade the 
intima is often twice the thickness of the media. This thickening, 
largely due to the growth of the elastic-hyperplastic layer, continues 
rapidly so that by the fourth decade it is frequently several times 
the width of the media. 

A somewhat less obvious difference in the development of the 
intima in the left anterior descending branch, as compared with that 
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of the left circumflex coronary artery, is the appearance of the con- 
nective tissue layer somewhat earlier, namely, during the end of the 
third decade, although its regular appearance is not encountered 
until the fourth decade. 


The orderly arrangement of the musculo-elastic layer, which is 
already well established during the middle of the first year, is lost 
much earlier in the left anterior descending branch than in the other 
vessels. From the second year of life on one frequently encounters 
the musculo-elastic layer so advanced in development that it spreads 
vdthin the elastic-hyperplastic zone. 

One of the most important characteristics of the left anterior 
descending branch is the appearance of lipoid and calcific deposits 
more frequently, more conspicuously and earlier in this vessel than 
in the other coronary branches. As a consequence encroachment of 
the intima on the media is met vith very frequently from tlie fourth 
decade on. After the fifth decade the intima is rarely encountered 
without lipoid and calcific deposits. 

Media: The media of the left anterior descending branch shows 
no conspicuous differences from that of the left circumflex coronar>' 
artery until the latter half of the second year of life when the more 
frequent occurrence of the intermediar}'^ layer alters its characteristic 
structure. As in the left circumfie.x coronar}'^ s.r\.ary, the growth of 
the media on the whole parallels that of the myocardium. The 
elastic fibers whicli are generally richer in the left anterior descend- 
ing brancli than in the other coronary branches increase slightly in 
quantity with age until the first decade. From this time on they 
seem to diminish abruptly in quantity, except in those areas under- 
lying sclerotic plaques, as mentioned in the left circumflex coronary 
artery description. The distribution of the elastic fibers in Ihi.s 
vessel is also generally more tow'ard the outer half of the media. 
The collagen fiber component of the media can be seen well during 
the second year of life. Its increase, however, is not rapid. It be- 


comes conspicuous during the third decade. 

Adictilitia: The structure and development of the adventitia os 
this vessel is .similar to that described for the left circumflex coronsiry 
artesy. Its width, howc%'er, is generally greater than ih.at ot the 
other coronar)' branches. Decrease in the extent of clastic iiher.-^ 
distributed throughout the adventitia occur.': from the end of the 
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Review of Characteristic Histological Features of the Left Anterior 

Descending Branch 

The important points to be emphasized as peculiar to the left 
anterior descending branch are: 

1. Earlier appearance of the elastic-hyperplastic layer. 

2. Rapid progress in the development of the elastic-hyperplastic 

layer with marked thickness of the intima. 

3. Earlier appearance and more marked deposits of lipoid crystals 

and calcium salts in the intima. 

4. More rapid development and spread of the musculo-elastic 

layer. 

5. Earlier and more frequent occurrence of the intermediary 

layer. 

6. Somewhat greater width of the adventitia. 

Right Circumplex Coronary Artery 

Intima: On the whole the intima of this vessel maintains its 
simplicity of structure for a longer period of time than that of the 
left anterior descending branch or the left circumflex coronary 
artery. While minute splittings of the lamella elastica interna can 
at times be detected in the seventh week of life this does not become 
conspicuous until the latter part of the first year, at which time the 
musculo-elastic layer also begins to make its appearance. Elastic- 
hyperplastic changes appear with greater regularity by the end of 
the eighteenth month and discontinuities of the lamella elastica 
interna, which are rare up to the end of the second year, also begin 
to appear more frequently at this time. 

The continued growth of the intima differs from that of the left 
circumflex coronary artery and the left anterior descending branch 
in several respects. The musculo-elastic layer is generally narrower 
than in the other vessels. The rapidly and earlier developing connec- 
tive tissue layer encroaches on the musculo-elastic layer, producing 
atrophy of its smooth muscle fibers. Connective tissue changes in 
the elastic-hyperplastic layer can sometimes be seen in the second 
half of the first decade. They are encountered with considerable regu- 
larity during the third decade and thereafter develop more fre- 
quently and rapidly than in the other coronary vessels. Indeed, 
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the connective tissue layer is generally more conspicuous in this 
vessel during the later decades than is the elastic-hyperplastic layer. 

It has been mentioned that the lamella elastica interna discon- 
tinuities begin to appear vith some degree of frequency after the 
second year of life. On the whole, however, they are generally less 
marked in this vessel. This is also true for the incidence of border 
disappearance. 

The intima is generally half as wide as the media during the second 
decade and equals it during the third decade. During the fourtli 
decade and thereafter, however, it generally becomes very wide 
because of the considerable development of the connective tissue 
layer. 

Media: The media of the right circumflex coronary artery cor- 
responds in development very closely to that of the left circumflex 
coronary artery ^vith the following sharp differences, (i) The in- 
termediary layer is encountered with less frequency, as are the longi- 
tudinal smooth muscle bundles elsewhere in the media, and (2) the 
connective tissue elements (collagen fibers) appear much earlier. 
With respect to the latter it may be said that even as early as toward 
the latter half of the first decade they are seen wdth a fair degree of 
regularity. They rapidly become more conspicuous from the second 
decade on. The quantity and distribution of elastic fibers in the 
media are similar to that found in the left circumflex coronary artery'. 

Adventitia: The adventitia of the right circumflex coronary' artery' 
shows in its connective tissue elements a type of development that 
is similar to the tw’o vessels previously described. Its width is gen- 
erally similar to that of the left circumflex coronary' artery' and the 
elastic fibers behave very much like those of the adventitia of the 
left circumflex coronary artery' in respect to concentration. 


RanewoJ Characteristic Histological Features of the Right Urannjkx 

Coronary Artery 

The important points to be emphasized as peculiar to the right 
circumfle.x coronary' artery are: 

1. Later appearance of splitting of the lameifa elastica intcrn.a. 

2. Generally narrower width of the musculo-elastlc layer and il-^ 

later atrophy, because of the considerable devdopment 
the connective tissue lay'er in the intima. 
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3. The later and less marked discontinuities in the lamella elastica 

interna. 

4. Earlier and considerable development of the connective tissue 

layer. 

5. The growth in width of the intima as a whole is similar to that 

of the left circumflex coronary artery. 

6. Less frequent occurrence of border disappearance and the in- 

termediary layer. 

7. Earlier appearance of collagen fibers in the media. 

Posterior Descending Branch 

Intima: In describing the histology of the posterior descending 
branch one must bear in mind the fact that the structure varies 
considerably, depending on whether the posterior descending 
branch is large or small. This variation is much greater for the 
posterior descending branch than for the other coronary vessels. If 
the vessel is large its structure and age period changes will approxi- 
mate those described for the right circumflex coronary artery. Gen- 
erally, however, the vessel is considerably smaller, in which case the 
intima maintains its simple form for a much longer period of time. 

Assuming the smaller form to be the more frequent one may say 
that occasionally minute splittings of the lamella elastica interna 
with development of longitudinal smooth muscle fibers may be en- 
countered during the first year of life but do not become very marked 
until the latter half of the first decade. Elastic-hyperplastic changes 
are very scant until the middle of the second decade, at which time 
the lamella elastica interna discontinuities also begin to appear with 
some degree of regularity. 

The intima reaches in width half that of the media, generally 
during the third decade. Toward the end of the fourth decade it 
equals the media in width but grows rather slowly. Occasionally, 
during the fourth decade, irregular thickenings many times the width 
of the media may be found. The connective tissue layer generally 
does not make its appearance until the fifth decade. In keeping with 
the slower tempo of changes in the posterior descending branch 
lamella elastica interna discontinuities are encountered much less 
frequently, as are border disappearances and the development of 
the intermediary layer. The latter occurs very irregularly. 
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It follows from this description that sclerotic changes in the pos- 
terior descending branch make their appearance later in life than 
in the other main vessels. 

Mcdm: The media of the posterior descending branch shows the 
least amount of elastic tissue of the four vessels described. These 
fibers tend to be more concentrated toward the e-xtcmal half of this 
la3"er and generally disappear practically complete^ after the first 
decade. On the other hand, the posterior descending branch re- 
sembles the right circumflex coronary artery in the earlier appear- 
ance of connective tissue elements, which are fairly well discernible 
toward the end of the first decade and become more conspicuous 
thereafter. 

Adveniilia: The adventitia of the posterior descending branch is 
narrov/er than in the other vessels described. At times, however, it 
may be considerabty wider than the others. Its elastic fibers arc 
generally fairl^’’ sparse, increase somew’hat from the second year of 
life to the end of the fifth year of life, and decrease again thereafter. 

Rcincw of Characteristic Histological Features of the Posterior 

Descending Branch 

The important points to be emphasized as peculiar to the posterior 
descending branch when it occurs as a small vessel are: 

1. Very late appearance of splitting of the lamella elastica interna 

and development of the musculo-elastic layer. 

2. Verj’’ late occurrence of discontinuities in the lamella c-lastica 

interna. These are rather inconspicuous. 

3. Very late appearance of elastic-ln’perplastic changes. 

4. Very late appearance of the connective tissue laj'cr. 

5. Very' slow increase in the thickness of the intima as a wdiole. 

6. Late appearance of lipoid and calcific deposits. 

7. Very’ infrequent occurrence of border disappearance and inter- 

mediar)' lay'er. 

S. Scant elastic fibers in the media and their early disappearance. 

9. Generally narrovrer adventitia. 


M YOCA RDIAI. VESSRES 

The coronary artery' branches within the my'ocardiuin will l>c 
described under the categories of mv’ocardial arteries, arterioles tmU 
capillaries. Each vessel %viii !.)e considcrcfl in respect to age p.'rioo 
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changes and location within the myocardium, based on an exami- 
nation of the standardized blocks. It will be seen that of these three 
types of vessels the myocardial artery is the only one showing 
marked differences in structure and evolution dependent on its site 
within the heart. 

Myocardial Arteries: Under this category are considered those 
vessels that possess three definite coats with a media consisting of 
more than one layer of circular smooth muscle fibers. Even in the 
earliest age periods one can already note remarkable differences 
between the medium sized twigs found in the various parts of the 
heart. The general arrangement of the component layers of these 
vessels is as follows. The adventitia is made up of a loose feltwork 
of connective tissue fibrillae with very sparse and delicate elastic 
fibers, both elements running in all directions. It may be mentioned 
here that the adventitial elastic fibers of the myocardial arteries in 
the auricles tend to be somewhat more numerous than elsewhere in 
the heart. On cross-section the adventitia is generally oval, filling 
in the interstices of the myocardial bundles. Because of this the 
width of the adventitia varies considerably. The media is composed 
of several layers of circular smooth muscle. The lamella elastica 
interna is made up of longitudinal elastic fibers. This is covered by 
flat endothelium. 

At birth one occasionally notes circular elastic fibers intermingled 
with the smooth muscle cells of the media in some of the vessels in 
the posterior papillary muscle of the left ventricle and in the inter- 
ventricular septum. These elastic fibers tend to form sheaths around 
the muscle cells. The continued development of these elastic fibers 
in the media will be referred to as '' elastification of the media.'’ 
In the filth year of hfe one begins to encounter splitting of the lamella 
elastica interna and elastification of the media somewhat more often 
in the interventricular septum, but particularly in the posterior 
papillary muscle of the left ventricle. By the tenth year of life 
elastification of the media has become even more marked in the 
posterior papillary muscle of the left ventricle but can also be seen 
at times in the interventricular septum, left ventricle and pulmonary 
conus. At the beginning of the third decade the vessels in the pos- 
terior papillary muscle of the left ventricle may show elastic-hyper- 
plastic changes, of the intima with discontinuities in the lamella 
elastica interna. 
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Toward the latter part of the third decade another phenomenon 
begins to appear, particularly in the posterior papillar}’- muscle of 
the left ventricle, namely, fusion of the elastic-h>^erplastic intima 
with the elastified media. This is due to the fact that the elastifica- 
tion of the media may have gone on so rapidly that it is no longer 
possible to distinguish sharply the elastic-hyperplastic changes in 
the intima from the heavily elastified media. Furthermore, the 
intima may show smooth muscle fibers within its substance running 
in a longitudinal direction. At the same time, irregular patches of 
connective tissue may be found in the media replacing smooth 
muscle, so that the continuity of the latter is lost (Fig. 7). These 
changes are found wdth increasing frequency toward the end of the 
fourth decade and thereafter in the posterior papillary muscle of 
the left ventricle. 


In the fifth decade splitting of the intima begins to be encountered 
in the pulmonary conus and auricles. Further progressive changes 
in these tw’o sites are rather slow to develop. In the auricles espe- 
cially, they rarely reach stages beyond rather mild media clastifica- 
tion with some intimal elastic splitting. In the seventh and eighth 
decades many of the vessels lying in the posterior papillary muscle 
of the left ventricle, interventricular septum and left ventricle have 
lost so much of their smooth muscle substance, developed so many 
connective tissue fibers in the media and intima, and undergone so 
much elastification of both these layers that they have been largely 
converted into elastic or fibro-elastic tubes. The possilfie physio- 
logical significance of these changes will be discussed later. 

Arterioles: The arterioles of the myocardium differ from the 
arteries in several important respects. Apart from being consider- 
ably narrow’er in diameter, they possess a media made up of only a 
single layer of smooth muscle, their lamella elastica interna presents 
a beaded appearance until the eighth decade of life and they may 
or may not possess an adventitia, depending on their location in the 


myocardium. 

7iie intima consists of a single layer of flat endothelium resting «n 
a lamella elastica interna. This clastic membrane is only faintly 
ccrniblc during the first tw’O months of life. During this period it 


is made up of anastomo.sii5g, very delicate longit udinal fibers ginng 
a lK;aded apj>car.ince on cross-section. From the third mouth until 
ti'.e seventh decade the fibers of the lamella clastita interna tmd' tj-.o 
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a progressive thickening and fusion but almost invariably maintain 
their beaded appearance on cross-section. Splitting of this mem- 
brane may begin to take place during the sixth decade but seldom 
becomes marked (Fig. 8) . The split areas generally enclose collagen 
fibers. 

The single layer of smooth muscle in the media may occasionally 
undergo atrophy during the very late decades. The atrophy does 
not generally involve the entire circumference of the vessel. 

Many of the arterioles within the myocardium are devoid of an 
appreciable adventitia. If an arteriole is situated within the adven- 
titia of an artery or wnthin a somewhat heavier trabeculum of con- 
nective tissue it may be considered to possess an adventitial coat of 
its own. This varies considerably in contour and often consists of 
an irregularly arranged meshwork of collagen fibers intermingled 
with scant elastic fibers running in all directions. After the second 
decade of life the elastic fibers become more discernible and there 
can often be seen a single delicate elastic membrane surrounding the 
adventitia and forming a lamella elastica externa. This is at times 
discernible as early as the end of the first year of life. 

The only point of interest to note with respect to differences in 
arterioles according to their site within the heart is that the adventi- 
tia is apt to be larger, and richer in elastic fibers in the auricles. 

Capillaries: At birth the capillaries consist of delicate tubes made 
up of flat endothelimn resting on a hyaline basement membrane. 
By the fifteenth year of life the capillaries throughout the heart may 
show a delicate elastic lamella outside the basement membrane. 
This, however, does not become conspicuous until the beginning of 
the sixth decade. There are no conspicuous differences to be noted 
in capillary structure within the various parts of the heart. 

Discussion and Summary 

There has been presented in this report a description of the main 
coronary arteries of the human heart as well as of the myocardial 
arteries, arterioles and capillaries, as represented in six different 
areas in the heart (standardized blocks). The description particu- 
larly concerns itself with the age period changes that these vessels 
undergo. It is demonstrated that the main coronary vessels present 
a succession of progressive changes in the intima, media and ad- 
ventitia which may be briefly summarized as follows: 
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1. Splitting of the lamella elastica interna with the formation of 
the musculo-elastic layer and the secondary intimal elastic mem- 
brane. 

2. Continued splitting of the secondary intimal elastic membrane 
to form the elastic-h3rperplastic layer. 

3. Irregular growth and spread of the musculo-elastic layer into 
the elastic-hyperplastic zone. 

4. CoUagenic transformation of the elastic-hyperplastic layer to 
form the connective tissue layer. 

5. Calcific and lipoid deposits in the intima with pressure atrophy 
of the underlying media and frequent development in the latter areas 
of additional elastic fibers. 

6. Participation of the media and intima in the formation of tlie 
musculo-elastic zones termed “intermediary layers.” 

7. Development of intermediary layers concomitantly with the 
appearance of discontinuities in the lamella elastica interna, a proc- 
ess termed “border disappearance.” 

8. Increase in elastic elements in the media during the early age 
periods with decrease thereafter, particularly in the posterior de- 
scending branch. 

9. Occurrence of longitudinal smooth muscle bundles in the media; 


seen with greater frequency during the later age periods. 

10. Development of collagen fibers in the media. 

11. Condensation of elastic fibers in the adventitia to fonn a more 
or less recognizable lamella elastica externa with partial disappear- 
ance of these elastic fibers from the rest of the layer with age. 

It is further demonstrated that the left anterior descending 
branch presents these changes (with the few noted exceptions) more 
frequently and earlier than the other main coronary' vessels, lb*-' 
left circumflex coronary artery is next in order chronologically and 
in the frequency with which these changes occur. The right cir- 
cumflex coronary' artery follows cIo.scIy the development of the left 
circumflex coronary artery' but possesses peculiarities of its ovn. 
The posterior descending branch, especially when it occur.^ as a 
narrow calibered vessel, is the last to show the above-Tnention<.f 
progrc.ssive clranges. Variations in tlie tempo with which 
phenomena occur are great and even after making a companom 0 
the .several \'essel.s vrith a knowledge of the age of the indiyiou**- it 
may be diflicult or, at limes, impos.'^ible to distin^push defirsitcl) t •< 
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left circumflex coronary artery, left anterior descending branch and 
the right circumflex coronary arter}’' from one another. The left 
anterior descending branch generally may be recognized, however, 
by its more advanced progressive changes, the posterior descending 
branch by its markedly retarded developmental changes. 

Obviously, the main coronary arteries thicken and stiffen with 
age. It would seem that vasodilatory changes can occur under these 
circumstances with increasing difficulty. Whether the rapidly de- 
veloping intermediary layer may serve as a compensatory factor, 
e.g., increase the diameter of the vessel by contraction of its longi- 
tudinal smooth muscle elements, is a matter for conjecture. 

The elastic-hyperplastic changes can safely be considered to show 
all gradations into the definitely atherosclerotic process. 

In the description of the age period changes of the myocardial 
arteries it has been demonstrated that a curious transformation 
takes place with age, i.e., elastification of the media, elastic- 
hyperplastic changes in the intima, fusion of these two layers, 
atrophy of the smooth muscle elements and development of irregu- 
lar patches of connective tissue — in short, a fibro-elastic meta- 
morphosis of these vessels. Of greater importance is the fact that 
this process occurs at different times in various parts of the myo- 
cardium. Thus, of the standardized blocks examined, these changes 
are found first and most frequently in the posterior papillary muscle 
of the left ventricle; next in the interventricular septum, left ven- 
tricle and pulmonary conus, in this order; last and least in the 
auricles. That such fibro-elastic transformation of these vessels 
renders them more or less passive, i.e., less susceptible to vaso- 
motor control, seems evident. Narrowing of the larger vessels lead- 
ing to these areas assmnes, therefore, a serious portent, inasmuch as 
the fibro-elastified vessels probably cannot undergo sufficient vaso- 
dilatory changes to compensate for the narrowing. The importance 
of such vasodilatory changes was emphasized by Smith in 1921. 
He was interested in the question as to whether or not vasodilatation 
can occur in the coronary arteries and their branches following the 
administration of nitrites. His experiments consisted of tying off the 
distal branches of the left circiunflex coronary artery in dogs. As a 
result of this procedure cyanosis of various degrees was produced 
in the myocardiiim, indicative of impending infarction. Following 
the administration of nitrites he observed, in some of the dogs, dis- 
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appearance of the cyanosis. In other experiments he measured the 
blood flow from the same vessels before and after the administration 
of sodium nitrite. Again, he was able to show a vasodilatoiy effect 
in some dogs. Smith concluded that in some dogs there is a com- 
munication with adjacent vessels wliich dilate under the action of 
these drugs. 

If there is a similar vasodilatory compensatory mechanism in 
the human coronary arteries, as seems likely from observations to 
be published later, it helps to throw further light on certain obser- 
vations made by Gross. In 1921 he demonstrated the gradual pro- 
gressive development with age of wide anastomotic channels, par- 
ticularly in the septum. Commenting on this observation Mandn ” 
disagreed with the fact and suggested that the allegedly greater 
elasticity of the younger vessels either prevented the injection me- 
dium, used by Gross for stud}" of these vessels, from entering the 
vessels, or squeezed it out into the larger ones. 

If the elasticity of the vessel in any way parallels its content of 
elastic tissue our observations arc diametrically opposed to Marvin's 
suggestion — certainly for the first three decades of life before ap- 
preciable fibrotic changes have developed. On the contrar}’, their 
very elasticity (tonic) and passivity could serve as a stimulus for 
the development of compensatory dilatation in other vessels sup- 
plying the same areas. In this connection it is of interest to note that 
these fibro-clastic transformations occur most frequently and most 
markedly in those areas of the heart that arc the most frequent sitc.s 
of infarction. 

Finally, it is demonstrated that the myocardial arterioles present 
the above-mentioned changes in far less marked form and that the 
capillaries present with age only irregularly the development of an 
elastic layer outside its basement membrane. 

It is hoped that these findings may ser\"c as a baseline for com- 
parative studies on the vessels of the human heart in di.scase. 
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DESCRIPTION OF PLATES 


Plate 77 

. I. Ivcft circumflex coronary artcrj'. Age 3 months. High power. Cross- 
section. Weigert’s clastic and Van Gicson’s connective tissue stain. 

A = lamella clastica interna; B = secondary intimal elastic membrane; 
C smooth muscle cell squeezing its way into intima from media through 
a discontinuity in the lamella clastica interna; D = media; E = adventitia. 

. e. Left circumflex coronary' arterj*. Age 5 years. High power. Cross- 
section. Weigert’s clastic and Van Gieson’s connective tissue slain. 

A “ lamella clastica interna, more or less continuous and hcaiy; B = 
secondary intimal clastic membrane, discontinuous, more delicate; C = 
niusoilo-clastic layer; D = clastic-hjqxirpbastic layer; E = discontinuity 
in lamella clastica interna ocaipied by smooth muscle cell. 
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Plate 7 <S 

Fig. 3. Left circumtlex coronary arten'. Age iS months. Lov.- pov/er. Cro.ss- 
section. Weigert’s elastic and Van Gieson’s connective ti.ssuc stain. 

A = area of border disappearance occupied by intermediary layer; 
B = longitudinal smooth muscle in media; C = circular smooth muscle 
of media; D = lamella elastica interna; E = intirna; F = adventitia. 

Fig. 4. Left circumtle.x coronarj' artcr,v. .Age 74 \’ears. Low power. Cro.«- 
scction. Veigert's elastic and Van Gieson’s connective tissue stain. 

A = connective tissue layer in intirna; B = media; C = atrophic por- 
tion of media heavily elastified; D = adventitia; E = lipoid and cilcillc 
changes in intirna. 
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Platk 79 

Fig. 5. Left circumne-K coronary arter>’. Age 2 months. ^Medium power. 
Cross-section. Weigert's elastic and \'an Gieson’s connective tissue stain. 

A = lamella elastica interna; B = media; C = longitudinal smooth 
muscle bundle in media; D = adventitia. 

Fig. 6. Left circumfle.x coronary artery. .Age iS months. Aledium jwwcr. 
Cross-section. Weigert’s elastic and Van Gieson’s connective tissue stain. 

.A = intermediaiy' layer of elastic and longitudinal smooth muscle 
bundles. Xotc absence of lamella elastica interna; B = media; C = ad- 
ventitia; D = intima. 
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Platk So 

Fig. 7. ^Myocardial artery in left posterior papillarj- muscle .sliowiiifi typical 
fibro-elastic transformation. .Age 40 years. ITigli power. Cross-scclion. 
Weigert’s elastic and A’an Gieson’s connective ti.ssuc stain. 

= adventitia; B = media showing almost complete lo.ss of smooth 
muscle with elastic and fibrotic changes; C = elastic-hyperplastic and 
fibrotic intima. 

Fig. 8 . .Arteriole in the posterior papillary muscle of the left ventricle showing 
advanced intimal changes. .Age 43 years. High power. Cross-section. 
Weigert’s elastic and \’an Gieson’s connective tissue stain. 

.'\ = thickening and splitting of the lamella elastica interna; B = media; 
C = adventitia. 















EXPERIMENTAL STUDIES ON VENEREAL SARCOMA OF 

THE DOG * 

E. L. Stubbs, V.M.D., and J. Fdrth, M.D, 

{From the Henry Phipps Institute and the School of Veterinary Medicine, University 
of Pennsylvania, Philadelphia, Pa., and the Department of Pathology, Cornell University 

Medical College, New York, N.Y.) 

Venereal sarcoma has been the subject of considerable experi- 
mental work following the observations of Nowinski ^ (1876) and 
Wehr 2 (1888) that it is readily transmitted from diseased to healthy 
dogs. 

This tumor occurs as single or multiple, nodular or papillary 
growths commonly on the corona penis or in the vaginal mucosa. 
It occasionally spreads by metastasis to the nearby lymph nodes 
but seldom to internal organs. It is readily transmitted by sexual 
contact, by rubbing the tumor into scarified mucous membrane, 
or by injecting pieces of the tiunor into the subcutaneous tissue. In 
most instances the tumor remains localized to the genital organs 
and often regresses spontaneously. 

The literature on studies of venereal sarcoma has been reviewed 
recently by Opie ® and Feldman.^ The tiunor has been described in 
Russia, the United States, France, Germany and England (Opie®), 
but there is no accurate information concerning its incidence. Dur- 
ing the past 3 years 5 instances of spontaneous venereal sarcoma 
were observed at the University of Pennsylvania Veterinary Hos- 
pital among approximately 30,000 dogs presented for examination. 
This tumor was much more frequently encountered 10 to 20 years 
ago, according to Dr. A. Glass and Dr. W. J. Lentz of the veterinary 
school. It is possible that caretakers of kennels are aware of the 
ease with which this tumor is transmitted and destroy or segregate 
affected dogs without consulting a veterinarian. 

The nature of this tumor is unknown. According to most in- 
vestigators it is a very readily transmissible neoplasm, indistin- 
guishable from other mammalian tumors. It was first described 

* These investigations were supported by a Fund for the Study of Leukemia and 
Related Conditions. 
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as a carcinoma but subsequent investigators considered it a round- 
cell sarcoma. It is often described as a lymphosarcoma, although 
there is no evidence that the cells forming this tumor are lympho- 
cytes. According to a few workers it is due to a stimulation of tissue 
cells of the host by a microorganism, perhaps a filterable agent, and 
is regarded by them as a granuloma. 

Gross and Microscopic Characteristics of Venereal 

Sarcoma 

Venereal sarcoma is grayish white, very firm and, unlike lympho- 
sarcoma, cuts with difficulty and does not emulsify when cut up in 
Locke’s solution. 

Microscopically (Figs. 7 to 12) it is made up of large round cells 
subject to little variation in appearance. They are somewhat larger 
than lymphoblasts, contain a large vesicular nucleus with usually a 
single intensely basophilic nucleolus, and have abundant cytoplasm, 
slightly eosinophilic (pale in hematoxylin-eosin preparations). The 
cells are in contact with each other like epithelial cells, but when 
detached they resemble large lymphocytes. Differentiation or mat- 
uration was never seen in any direction and for this reason the 
nature of this tumor remains obscure. Small accumulations of 
lymphocytes occur in older tumors; it is apparent, however, that 
the tumor is invaded by the lymphocytes and that the tumor alls 
do not mature into small lymphocytes. Connective tissue is scant 
in young tumors (Fig. 7) ; in older tumors it sometimes becomes 
abundant, separating the sarcoma cells into small nests, as shown 
in Figure 8. Sections stained with Heidenhain’s modification of 
Mallor}’’’s anilin blue stain (Fig. ii), and with Foot’s silver stain 
(Fig. 12), show' scant collagenous and reticulum fibers among the 
large round cells. 

Experimental 

Two cases of venereal sarcoma were observed by us in December 
1929, and each w’as successfully transmitted to healthy dogs. Ihc 
first occurred as a nodular growlh about i cm. in diameter, in the 
vaginal mucosa of an English bulldog. Farts of the tumor v.<.re 
removed and injected into the groin of 2 dogs and into the pc.t- 
tonca! cavity of a 3rd dog, and rubl)cd into the scarified penE oi 
a 4th dog. Following biopsy this apparently sfK)ntaneous turn'T 
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Chart i. Passages oe a Transmissible Strain or Venereal Sarcoma 

The following abbreviations have been used: 

Route of Injectiom: sc = subcutaneous; ip = intraperitoneal; and iv = intrave- 
nous. 

Results: + == inoculation successful; — = inoculation unsuccessful. 

Material Injected: fi = filtrate; d = dried; g = glycerinated; fr = frozen and 
thawed tumor tissue; supn = supernatant liquid obtained by spinning emulsions of 
cut up tumor tissue. 
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disappeared. Repeated attempts to reinociilate the animal in which 
this tumor originated with venereal sarcoma originating in another 
dog were unsuccessful. Breeding of this dog was attempted 2 years 
later, when service was satisfactory", but conception did not occur. 

The attempted transmission was successful in only 1 dog, which 
w"as injected subcutaneously. A tumor appeared at the site of in- 
jection and measured about i cm. in its greatest diameter, 52 days 
after injection. The tumor grew slowdy, and within i montli reached 
the size of about 6 cm. Most of it was removed, and the small part 
left regressed. Further transfers of this tumor w’ere not attempted. 

Transfers w"ere more successful from a venereal tumor on the 
penis of a pointer (No. 262). This was a soft, gray, cauliflow'cr-like 
growth approximately 3 cm. in diameter (Fig. i), with blood oozing 
from its surface. Blood counts and differential counts w'cre normal. 
The tumor w'as successfully transplanted by inoculation into 2 of 
7 dogs, and during the course of 3 years ii successive passages 
were made. The results of the inoculations are summarized in 
Chart I. 

Tumor tissue removed ascptically w"as cut up into small pieces in 
Locke’s solution. Unless otherwise stated, the material injected was 
an emulsion of tumor cells, the route of inoculation w’as subcutane- 
ous, and the site of injection the groin. In several instances simul- 
taneous inoculations with different materials were made at different 
sites. 


Subcutaneous Inoculations 

An emulsion of tumor tissue was inoculated subcutaneously in 
16 experiments and 41 of 57 dogs injected (72 per cent) developed 
tumors at the site of inoculation. The success of the indiwdual c.x- 
periments varied from 20 to 100 per cent. In 8 c-xperiments all the 
dogs inoculated, from 2 to 4 in each, developed tumors. During the 
first 4 passages 8 of the 19 inoculations (42 per cent) were successful, 
while in the course of 10 .succeeding experiments 33 of 38 (87 per 
cent) w’cre successful. This increase may be due cither to an in- 
creased virulence of the strain or to the fact that younger (tog.', wen. 
used. 7110 e.xact age of these cxpcrimcninl animals was not l-rso.’.4J, 
but in the early c.xperiments most of the dogs were coinparativ*. 
old, in later c,xperiment.s most of them were young. 

7 'hc tumor made it.s appearance in from iS to 77 days after ino.c 
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lation. It grew gradually until it approximated from 4 cm. to 10 
cm. in the longest diameter. It regressed in most animals from 30 
to 250 days after its development was first noted. The tumors were 
removed in many instances and in none was there any recurrence. 
The growth was localized to the site of inoculation. Metastasis was 
observed in only i animal. This dog, No. 40, was injected in the 
left groin with fresh tumor material and in the right groin with 
frozen and thawed material. A tumor appeared in the left groin 45 
days after injection, but none in the right groin. The tumor in- 
creased gradually in size for 2 months, and later small tumors ap- 
peared in the conjunctiva of the right eye, in the wall of the right 
thorax, in the subcutaneous tissue in the inguinal region, and at 
the site of the left pophteal lymph node. Three months later a 
sweUing occurred between the eyes, involving the frontal region. 
An X-ray picture showed that the skull was not affected, aU the 
tumor being in the soft tissues outside the skull. A small piece of 
this tumor removed showed the characteristic appearance of vene- 
real sarcoma, as illustrated in Figure 9. 

Intravenous Inoculations 

In 2 experiments intravenous inoculations were made and 2 of 
the 7 dogs inoculated developed fatal generalized sarcomatosis. 
One dog (No. 25) died after an apparent iUness of about 3 weeks. 
Postmortem the dog was emaciated and there were many small 
tumors in the skin, varying in size from about i mm. to 1.5 cm. in 
diameter. There were numerous tumor masses in and beneath the 
mucous membrane of the mouth and conjunctiva (Fig. 3). The 
vagina had prominent metastatic growths measuring about 0.5 cm. 
in diameter. Subcutaneous tissue and muscles were studded with 
tumors, as shown in Fig. 2. Tumor masses were found in the in- 
tercostal muscles, lungs, diaphragm, heart, pericardium, mesentery, 
pancreas and kidneys, and several lymph nodes were almost com- 
pletely replaced by tumor tissue, but the spleen and Kver were free. 

In another dog (No. 36) tumor nodules appeared 3 months after 
intravenous inoculation in the mucous membrane of the mouth, in 
the corium and in the subcutaneous tissue of skin and penis (Figs. 

5 and 6). The animal gradually lost flesh and was killed i month 
after the nodules made their first appearance. The postmortem ap- 
pearances were similar to those of No. 25. 
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Miscellaneous Inaculalions with Fresh Tumor Tissue 

The possibilily of transmitting the disease through intact mucous 
membrane was tested by dropping an emulsion of tumor tissue into 
the conjunctiva of 3 dogs, none of which developed tumors. Tumor 
tissue was rubbed into the scarified mucous membrane of the penis 
of a dog (No. 201) : a tumor appeared 70 days later and developed 
into a cauliflower-like growth on the glans penis. This animal is 
still alive 3 years after inoculation with the tumor, undianged, as 
illustrated in Figure 4. 

Two dogs were inoculated underneath the mucous membrane of 
the lip. Small tumors appeared in each. Both tumors regressed and 
later disappeared. 

A fresh emulsion of tumor tissue was injected into the peritoneal 
cavity of i dog and similar material was rubbed into the scarified 
skin of another dog; neither developed tumors. 


Aitempls at Transmission hy Material Free from Viable Cells 

The experiments described below were undertaken for the purpose 
of determining if the agent transmitting venereal sarcoma is resist- 
ant to procedures that destroy mammalian cells but do not affect 
viruses. 

Treatment unth Glycerin: Four dogs were injected in 2 c.x'pcri- 
ments with material kept in 50 per cent glycerin, for 10 days in i 
experiment and 4 months in another; none of these animals de- 
veloped tumors. 

Drying: Three dogs Vr’cre injected v/ith tumor tissue dried in vacuo 
under phosphoric anhydride under conditions that failed to destroy 
the agent transmitting leucosis of chickens, but all remained free 
from tumors. Thus attempts to pre.scr\u by drydng the ability of 
the tumor tissue to produce venereal sarcoma were unsuccessful. 

Filtration: Tumor tissue was cut up in Lod:c’s solution and the 
centrifugalized supernatant fluid was passed through a coar.«c sili* 
ceousfiltcr. Filtrate thus obtained v.’as injected into the subcutaneous 
tissue of 2 dogs; the inoculations were unsuccessful. Centrifugal5z»-| 
supernatant unfiltcrcd fluid produced tumors in 2 of 4 dogs itijectco^ 
The cut up tumor materia! contained much fat and because of t ‘C 
possibility that fat prevented tumor cells from being thrown 
by spinning, this c.xperimcnt w’as repeated. 7 'hrce dogs were injt toj 



VENEREAL SARCOMA OF THE DOG 


281 


with supernatant fluid, but none developed tumors at the site of in- 
jection. Two of these dogs (Nos. 69 and 70) were also injected on 
the opposite side with uncentrifugalized tumor material and a 
tumor developed in each. Five dogs were injected with the super- 
natant fluid passed through a very coarse Berkefeld filter and all 
remained free of tumors. The filter used in this experiment had a 
bubbling pressure of 23 cm. Hg., and the flow of water during 2 
minutes at 40 cm. Hg. was 200 cc. 

Freezing and Thawing: Bacteria and viruses are very resistant to 
low temperatures but mammalian cells, on the contrary, are de- 
stroyed when exposed to temperatures below 20° C. Cramer ® 
states that sarcoma of mice contains a transmitting agent that re- 
sists freezing and thawing, but Furth, Seibold and Rathbone^ 
observed that exposure of leukemic lymphocytes to — 20° C for 30 
minutes abolishes the ability of these cells to transmit leukemia. 

In the first 2 experiments 5 dogs were injected with tumor 
tissue that had been frozen in liquid air. One developed tumors at 
the site of injection. The test tubes containing the pieces of tiunor 
used in these experiments, however, were not entirely submerged in 
the liquid air and it is possible that some of the inoculum had es- 
caped freezing. For this reason 4 more experiments were performed 
in which the material was sealed in a test tube before freezing and 
was submerged in ether cooled to a temperature of about —70° C 
by the addition of large amounts of carbon dioxide ice. In these 3 
experiments the venereal sarcoma lost entirely its ability to trans- 
mit the disease, for none of the 14 dogs injected developed tumors. 
B. prodigiosus, treated in a similar manner in 2 ejq)eriments, was 
imaffected by freezing. The unfrozen emulsion of venereal sarcoma 
used in these experiments produced tumors in all 13 dogs injected. 

Exposure to 50° C: Sticker ^ states that the viability of venereal 
sarcoma is not destroyed by exposure to a temperature of 50° C 
for 2 hours. Since mammalian cells are not known to survive such 
a temperature we have repeated this procedure, injecting 2 dogs 
with venereal tumor material heated to 50° C for hours; neither 
developed tumors. 

These experiments present evidence for the assumption that 
venereal sarcoma cannot be transmitted by ceU-free material. 
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All€77ipts ai Rei7toculatio7i 

Repeated attempts to reinoculate 2 dogs in which venereal sar- 
coma underwent spontaneous regression were unsuccessful. One of 
these dogs was reinjected 3 times. On the other hand, reinocula- 
tion was successful in a dog previously injected with tumor ma- 
terial heated to 50° C, and in 3 dogs that had been inoculated mth 
frozen material. These observations support the assumption that 
the material heated to 50° C, or frozen and thawed, did not contain 
the agent that transmits venereal sarcoma. 


Aitc77ipls of Heieroiraiisfer of Ve 7 iereal Sarco77ia io Irradiated Mice 


Two attempts were made to transfer venereal sarcoma of the dog 
to irradiated mice. In i experiment 9 mice that had been exposed 
4 days previously to 400 r-units of X-rays were inoculated sub- 
cutaneously vdth an emulsion of tumor tissue. In one mouse, killed 
9 days after the inoculation, no tumor tissue was recognized grossly, 
but microscopically (Figs. 13 and 14) tumor cells were seen in the 
subcutaneous tissue. The tumor cells appeared viable and a fev; 
of them were undergoing mitotic division. There v.'as no inflam- 
matory reaction about the area infiltrated by tumor tissue. 


In another mouse, killed ii days after inoculation, there was a 
tumor of about 2 mm. in size at the site of inoculation, hlicroscopi- 
cally this tumor was seen to be surrounded by a connective tissue 
capsule, through which polymorphonuclear leukocytes invaded the 
tumor. The central part was necrotic but the cortical part con- 
tained apparently healthy tumor tissue (Fig. 15). One of the inocu- 
lated mice died 23 days after injection, the rest died or were killed 
from 6 to 12 days after injection, but none of them showed grossly 
\dsible tumors. In another experiment ii mice irradiated i da> 
previously were injected with venereal sarcoma, 8 subcutancou.d), 
3 intrapcritoneally. In 3 mice injected subcutaneously the tumor 
reached a size of about 2 mm., in i about 4 mm, in diameter; the 
remaining subcutaneous and all the intraperitoneai injection.^ v-etc 
unsuccessful; 5 of the mice so treated were obserA'cd for a perax 
of 2 months and .shovred on postmortem examination no trac<. *» 
tumor tissue. 

These observations show that cells of venereal farcain^- may n-' 
vivc and multiply for a j>enod of appro.ximately 0 rlay.s in the ?• » > 



VENEREAL SARCOMA OF THE DOG 283 

cutaneous tissue of mice in which resistance has been lowered by 
exposure to X-rays, but thereafter they undergo regression and dis- 
appear entirely. 


Discussion 

The experiments described indicate that venereal sarcoma can be 
transmitted only by viable cells. The tumor is characterized by 
ease of transmission, for it can be successfully passed to dogs of any 
breed and, according to Sticker,^ to foxes as well. The natural 
spread by coitus was described by Smith and Washboum,® and by 
White.^° Our experiments show that it is the result of implantation 
cells, and the tmnor has been incorrectly designated “infectious 
sarcoma of dogs.” 

Microscopically, venereal sarcoma possesses the characteristics 
of a malignant tumor; nevertheless sarcomas that are apparently 
spontaneous disappear or may be completely arrested by removal 
of most of the tumor. Their disappearance may be explained by 
assxuning that the presumably spontaneous tmnors arose by im- 
plantation of tumor cells from other diseased dogs through contact. 
It is noteworthy in this connection that no spontaneous neoplasm 
of this description was observed in the internal organs. 

The origin of the cells forming this tmnor is unknown. Evidence 
for the view that the tumor cells are lymphocytes is wanting. In- 
deed, they appear to have little affinity for lymphoid organs, their 
favorite site of growth being the subcutaneous tissue, mucous mem- 
branes and corium. The cells in this growth were never seen ma- 
turing into t3^ical lymphocytes. For this reason its designation as 
lymphosarcoma has no basis. Beebe and Ewing consider it to 
be either alveolar sarcoma or endothelioma. Any discussion of the 
cellular origin of this tumor is necessarily imsatisfactory. The tumor 
cells are monotonously alike; they show neither evidence of differen- 
tiation nor of organization. There is no evidence that they are 
reticular cells. Reticulum fibers are few if any among the tumor 
cells. The tumor cells, when detached, are obviously cytologically 
different from histiocytes. Anastomosis or formation of syncytium 
was not seen. Phagocytic properties were not observed, although 
this was not tested experimentally. Lack of formation of vascular 
channels or cavities by tumor cells and failure to demonstrate origin 
in endothelimn are sufficient reason for not designating this tiunor an 
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endothelioma, although the endothelial origin of the tumor cells is 
the most likely supposition, according to Ewing.^^ 

This tumor may apparently arise in locations other than the 
genital organs. Feldman has described a tumor originating in the 
eye, indistinguishable microscopically from venereal sarcoma. One of 
the spontaneous instances of this disease observed at the veterinary 
school originated in the skin or subcutaneous tissue over the an- 
terior tibial region of a male Boston terrier. 

The tumor-like gro\^ri;h of rabbits caused by filterable viruses 
(myxoma of Sanarelli, cj. Ref.^^) and the similar tumor described by 
Shope differ from venereal sarcoma in two respects: (i) the agents 
of the former tumors readily pass bacteria-tight filters and can be 
preserved in glycerin; and (2) they originate from the cells of the 
host that are stimulated to rapid reproduction by a filterable virus. 
Venereal sarcoma caused by transmission is the result of multipli- 
cation of the transplanted tumor cells (Beebe and Ewing ") and all 
attempts have failed to transmit the tumor by material not con- 
taining viable cells. 

SmaiARY AND Conclusions 

Two venereal sarcomas have been successfully transmitted to 
healthy dogs, and one of them was transplanted in ii successive 
generations. 

Inoculations were successful in 72 per cent of the dogs injected 
subcutaneously with emulsion of tumor cells. Tumors appeared 
at the site of inoculation within an average of 38 days and with one 
exception began to regress after reaching a sixe of about to cm. in 
the longest diameter. In i dog the tumor spread by raet.astasis 
throughout the body. 

Intravenous inoculation produced generalized sarcomatosi-^ in 2 
of 7 inoculated animals. Transmission was also successful by rub- 
bing tumor material into the scarified surface of the glans penis. 
Attempts to transmit the disease through intact mucous membrane 
(the conjunctiva) were unsuccessful. ^ 

The ability of the tumor material to transmit the disease was de- 
stroyed by the addition of 50 per cent glycerin, by deficoation, v 
freezing and thawing, and by heating to 50” C for i ^ hours, f ujnof 
material pavSsed through siliceous filters likewise failed to pun uc. 
tumors. 
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These experiments indicate that venereal sarcoma, often desig- 
nated “infectious sarcoma of dogs,” is a neoplastic process and, like 
other mammalian tumors, can be transmitted only by viable tumor 
cells. 
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DESCRIPTION OF PLATES 
Plate 81 

Fig. I. Spontaneous venereal sarcoma on the penis of a pointer (No. 262) in the 
form of a soft cauliflower-like growth of approximately 3 cm. in diameter. 

Fig. 2. Tumor nodules in the subcutaneous tissue and muscles of a dog (No. 
25) caused by intravenous injection. 

Fig. 3. Tumor nodules beneath the mucous membrane of the mouth and con- 
junctiva caused by intravenous inoculation (No, 25). 

Fig. 4. Cauliflower-like growth of 3 years duration on the penis of a poodle, 
produced by rubbing tumor tissue into the scarified mucous membrane of 
the penis (dog No. 201). 

Figs. 5 and 6. Generalized tumor formation in the skin and .subcutaneous 
tissue produced by intravenous injection (dog No. 36). 







Plate 82 


Fig. 7. ^Microscopic appearance of venereal sarcoma of dogs with scant amount 
of connective tissue. Memato.xylin and eosin. x 100. 

Fig. 8. Microscopic appearance of venereal sarcoma with abundant connective 
tissue separating the tumor cells into small nests. Hematoxylin and 
cosin. X 100. 

Fig. g. Same as Fig. 7, higher magnification, x 400. 

Fig. 10. Same as Figs, 7 and 9, higher magnification, x 900. 

Fig. II. Section of venereal sarcoma stained with Ilcidcnhaiifs modification 
of Mallory’s anilin blue stain, showing that fiber formation is abundant 
about the blood vessels, but scant if any among the tumor cell.';, x .100. 

Fig. 12. Reticulum fibers in venereal sarcoma reproduced according to Foot s 
silver impregnation method, x 200. 

Fig. 13. Microscopic appearance of a small tumor nodule of venereal .«arcom.a 
of dogs 0 days after subcutaneous injection in an irradiated mouse, x 200. 

Fig. 14. .Same as Fig. 13, higher magnification, x 600. 

Fig. 15. Venereal .sarcoma of dogs 11 days after subcutaneous inoculation in 
an irradiated mouse. The tumor is surrounded by a thick librous capsule. 
Its central part is necrotic and leukocytes invade the pcriiihcral part, which 
is composed of apparently viable tumor cells, x 200. 
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THE RENAL LESIONS OF RHEUMATIC FEVER* 


J. L. Blaisdell, B.Sc., M.D. 

{From the Deparlmeiit of Pathology, University of Toronto, Toronto, Ont.) 

While for many years it has been recognized that rheumatic fever 
exerts a profound influence upon the various structures of the heart 
it is only recently that the possibility of the far reaching effects of 
this disease in other organs, and particularly in vascular tissues, 
has been recognized. In what manner and to what extent the kidney 
may be involved in rheumatic infection it has been the purpose of 
this study to investigate. 

Although the fully developed Aschoff nodule, as seen character- 
istically in the myocardium, is probably the only truly specific his- 
tological expression of rheumatic fever, its presence must be regarded 
as representing merely one particular phase in the course of a morbid 
process, and as such must probably be looked upon only as an ex- 
treme manifestation of a general mode of reaction. It must be em- 
phasized further that the rheumatic nodule cannot be regarded as 
a fixed or static structure, that it is undergoing continual changes, 
and that it probably passes through a fairly definite life cycle. That 
closely similar, though less specific, local inflammatory reactions 
may occur in relation to the smaller vessels, particularly in the kid- 
ney, we shall endeavor to point out. 

Considerable attention has been devoted to this problem by vari- 
ous writers, the observations of Fiirbringer, Baehr, Sacks, Lohlein, 
Fahr, Pappenheimer and VonGlahn being particularly worthy of 
note. Kdotz, however, was the first to draw attention to the con- 
stancy wth which widespread lesions occurred in the arterioles of 
the viscera in rheumatic fever. In the kidney he observed a non- 
suppurative, perivascular infiltration in relation to the smaller 
vessels, comparable in character to that found in the myocardium. 
This began in the vicinity of the intralobular arteries and spread 
along the course of the vessels into the cortex. Healing was observed 
to take place by a radiating type of fibrosis with later shrinkage and 
the production of a granular contracted kidney. He was able to 

^ Received for publication October 5, 1933. 
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produce similar perivascular lesions in the hearts and Mdneys of 
rabbits by the intravenous injection of various tjpes of strepto- 
cocci. 

In the present study i6 proved cases of rheumatic fever were 
selected, lo of these, ranging from i8 to 52 years of age, having 
come to autopsy in the Toronto General Hospital, and 6 at the 
Hospital for Sick Children (3 of these were 3 years of age, the others 
8, 10 and 13 years respectively^- Definite Aschoff nodules were 
demonstrated in the myocardium in 13 of the t6 cases. 

In the majority of instances the lesions to be described in the 
kidney were fairly distinctive and were present in 14 cases. These 
changes occurred characteristically in relation to the smaller vascu- 
lar structures, particularly to the intralobular and arcuate arteries 
and the arterioles of the cortex. They were never observ'cd in rela- 
tion to the larger branches of the renal vessels. In general, the 
pathological changes were of three types. E\ndencc of acute or 
subacute inflammation was present in 8 of the 16 cases, a clironic 
or healed lesion was found in 4, while a recurring type of inflamma- 
tory reaction was met with twice. The various pictures may be 
described separately. 


Acute Non-Suppurative Periarteritis 

The lesion consists essentially of a non-suppurativc type of inflam- 
mation in the perivascular spaces involving the adventitia and vrith 
frequent pathological changes in the medial and intimal coats. The 
inflararaatoiy exudate is made up chiefly of lymphocytes and plasma 
cells, together with a few indefinitely outlined cells, the nuclei of 
which are pale staining, vesicular and sometimes distorted in ap- 
pearance. Occasional polymorphonuclear leukocytes with frag- 
mented nuclei are also found. The stroma .surrounding many of the 
involved vessels presents a peculiar appearance, being composed o 
a fine fibrillar tyqie of connective tissue %vith few nuclei. In many 
cases the fibrils arc loosely arranged and widely separated from o.sc 
another, giving the appearance of a perivascular cdc;ma. 

ITie inflammatory' reaction frequently surrounds and iiAo u.’ 
only a fXJrtion of the vessed and has a somewhat nodular 
ment suggesting the focal type of reaction so often seen al^At t * 
small vessels in the myoairdivm. In some specimens, hove»« 
zone of inflammation .surrounds the entire ves.^el, I he inn.UT.m.n/ 


he 
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cells lie for the most part in the periadventitial and adventitial 
coats, the exudate spreading apart the connective tissue fibers and 
sometimes replacing them. Usually the structures of the adventitia 
appear indefinite and have the fibrillar and edematous appearance 
noted above. The picture has often the appearance of a granu- 
lomatous type of reaction and has been referred to as such by Fahr. 
Frequently the inflammatory cells are confined to the adventitia 
and periadventitial structures; in some instances, however, the 
media is also involved. Here the same type of cells is seen l3dng 
between the muscle fibers, the normal structure being replaced by a 
loose fibriUar type of tissue similar to that seen in the adventitia. 
Many of the nuclei of the muscle cells have disappeared in that 
portion of the vessel most involved in the inflammatory reaction; 
other nuclei appear swollen or vesicular in character with loss of 
chromatin substance. Frequently nuclear fragments l3ring free in 
the vessel wall among the inflammatory cells are seen. The muscle 
cells may appear in various stages of disintegration and dissolution 
with considerable thinning out of the medial coat in the most in- 
volved portion of the wall. At times these changes involve the en- 
tire circumference of the vessel and occasionally complete or almost 
complete disintegration and necrosis of the wall has been observed. 

The intimal coat of the involved vessel shows no constant or 
characteristic change. In the larger vessels small nodular areas of 
endarteritic thickening are not xmcommonly met with, but are never 
extreme. In those vessels, however, that show marked involve- 
ment of the medial coat advancing to necrosis and disintegration 
of the muscle cells, an intimal change is usually noted. This con- 
sists in a marked sweUing of the lining endothelial cells, which may 
show large roimded vesicular nuclei and pale staining cytoplasm. 
Sometimes in the smaller vessels this swelling is so marked that the 
lumen is markedly encroached upon. 

Sections were stained for fibrin by the Gram-Weigert method and 
for elastic tissue by both Weigert’s and Verhoeff’s stain. A careful 
search was made for the lesions described by Pappenheimer and 
VonGlahn, namely, an exudation of fibrin beneath the endothelium 
and sometimes within the muscle wall, with later canalization and 
organization of the exudate. This lesion, which they describe as 
being specific, was never encountered in any of our sections. The 
stretching and apparent fragmentation of the internal elastic lamina 
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also mentioned by these observers was noted in isolated instances, 
but was always accompanied by an endarteritis. 

The intimal lesions later described by these authors, consisting 
of rows or palisades of cells separated by bands of fibrin-like material 
and associated by these observers with rheumatic lesions in the 
auricular wall, were also never found. The perivascular lesions 
which they describe, however, have in general a resemblance to 
those found in the present investigation, although the latter have a 
more localized or nodular arrangement than the former. 

Healed Perivascular Lesions 

The exudative lesions described above represent the active pha.se 
of the inflammatory process and may justly be referred to as a 
nodular type of non-suppurative periarteritis. With this is asso- 
ciated at times a mesarteritis with partial destruction and disor- 
ganization of the muscular coats of the vessel and a variable degree 
of reaction in the intima. Evidence that this lesion, like all peri- 
vascular rheumatic inflammatory changes, heals with the formation 
of scar tissue is not lacking. Various stages in this process may be 
observed in the sections examined. As the aaite phase of the inflam- 
matory reaction subsides the edema surrounding the vessels dis- 
appears along with many of the inflammatoiy' cells, fibroblasts 
make their appearance and the loose fibrillar stroma is gradually 
converted into dense scar tissue. In some of the cases studied 
this perivascular scarring occurs in a radiating manner in wide 
zones about the vessels. Frequently, irregular, wedge-shaped proc- 
esses of scar tissue extend out from the vessel into the adjacent 
parenchjnna, %vhich to some extent is encroached upon and replaced. 
Not infrequently i.solated glomeruli or tubular structures arc seen 
completely surrounded by wide bands of fibrous tissue c.xt ending out 
from the neighboring vessels. Later, the areas of scarring bcconit. 
Ic.ss cellular and large amounts of collagen material are laid do^.n. 
With contraction of this scar tissue deformity of renal structurc.i 
occurs, with finally the production of a shrunken and ^ 

kidney. In 4 cases the organs in the gross showed a slight!) t ne ^ 
cned cap.sule and a markedly granular .surface; in i of the-' 1 >- 
process was unusually v/cll defined. In 4 otlicns the .'^urfan..> 
presented a slightly granular appearance. In none v/a.-i the 
the organ considerably reduced. 
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In the reparative processes the adventitial coats of the affected 
vessels become involved in scar formation. The media, however, 
seems to imdergo a peculiar hyaline change, and in the smaller 
vessels is frequently seen to be almost devoid of nuclei and to be 
represented by a homogeneously acellular hyaline mass, poorly 
differentiated from the adventitia. 

Recurrent Perivascular Inflammation 

In 2 of the cases studied definite evidence of a recurring process 
is present. Recent and acute cellular infiltration, often quite local- 
ized and focal in character, is met with in areas of old perivascular 
fibrosis in which considerable collagen material has been deposited. 
Evidence of an accompanying edema is not marked but frequently 
areas in which necrosis of collagen fibrils has occurred in relation 
to the inflammatory process are noted. 

Several times evidence of what appears to be a purely degenera- 
tive change, not directly associated with any of the above lesions, 
is present in many of the small arteries and arterioles. This is 
particularly well seen in 2 cases in which the walls of many of the 
finer vascular structures are considerably thickened and completely 
or almost completely replaced by pink-staining, gramflar, acellular 
material. The muscle fibers of the media have lost their identity and 
the nuclei have disappeared. The picture suggests necrosis of the 
vessel wall, associated with the inflammatory lesions described 
above. In some instances a hyaline-like change within the wall is 
noted. Moreover, considerable thickening of the afferent glomerular 
arteriole also is sometimes present. Frequently, but not invari- 
ably, associated with this is a well marked change in the cor- 
responding glomerulus, the latter showing an atrophy, collapse and 
hyahnization of the capillary loops and occasionally of the entire 
glomerular tuft. This picture has been noted by many observers, oc- 
curring both in rheumatic and in non-rheumatic conditions. Its 
significance, however, is little imderstood, some claiming it to be 
purely secondary and dependent upon glomerular changes, others 
being of the opinion that the lesion is of primary importance in 
bringing about atrophy of the capillary loops through nutritional 
disturbances. Fahr has noted an inflammatory infiltration about 
this region of the afferent arteriole and describes it as being of a 
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granulomatous character, leading to closure of the lumen and necro- 
sis with later hyalinization of the wall. This, although aptly de- 
scribing the changes observed in many of the smaller vessels and 
arterioles in the cases under discussion, was not observed at the 
point of entrance to the afferent vessel. 

Glomerular Changes 

As pointed out by many observers, the occurrence of acute 
glomerulonephritis in association with rheumatic fever is rare. In 
the present series this was never observed. Glomerular damage is 
present only occasionally. Only once was evidence found to suggest 
an inflammatory lesion of the glomeruli. This appears in a child 
(C-152-32) of 8 years, dying in about the third week of illness, with 
evidence of a subacute inflammation in occasional glomeruli. In 
none of the others is any endothelial or epithelial proliferation of 
the glomerular structures noted. Inflammatory infiltration and 
capsule adhesions are entirely absent. In only a few, where a glom- 
erulus lies in close proximity to a focus of inflammation about a 
vessel, is there any fibrous thickening of Bo\vman^s capsule or any 
swelling of the lining endothelial cells. The glomerular damage 
when present consists of hyalinized structures, occurring singly or 
at times in groups. Those glomeruli lying directly beneath the 
capsule are most frequently affected and small roughly wedge- 
shaped areas of scarring containing one or more hyalinizcd glomeruli 
are occasionally seen, representing areas of early arteriosclerotic 
atrophy. The involved glomeruli throughout the section arc seen 
to be undergoing a bland type of hyalinization without, as men- 
tioned above, showing evidence of a previous or co-existing infiiim- 
matory change. This observation lends strong support to the wew 
that the glomerular damage present in thc.se cases is not primarii) 
of inflammatory origin, but rather secondary to and dependent ujwn 
nutritional disturbance brought about by vascular change. 


Tubular Changes 

Relatively little alteration is noted in the tubular 
apart from occasional atrophy and disappearance of ihocse a. 
ated with obliterated glomeruli. At times .scar fis.suc extent mg 
outward from a vc.sscl is seen to surround and distort atjactn 
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tubular structures. A moderate nephrosis is present in i case. 
Sometimes granular debris and occasional hyahne casts are noted 
in the tubules. Well marked passive congestion is often present. 

Additional Cases Reviewed 

In addition to the above study all cases presenting evidence of 
rheumatic heart disease coming to autopsy during the last seven 
years were reviewed. Out of 2400 autopsies, 128 (5.3 P^r cent) were 
found showing either healed or active cardiac lesions. Of this group 
interstitial nephritis had been diagnosed in the gross in 38 (30 per 
cent). Half of these had occurred in individuals under 40 years of 
age and one-third of them in those imder 30 years of age. These 
figures serve to illustrate two points: first, that a very definite as- 
sociation exists between rheumatic fever and renal disease, and 
second, that a high percentage of these individuals show evidence of 
chronic kidney damage at a very early period in life. Arteriosclerotic 
atrophy of the kidney, on the other hand, which was met with in 19 
of the 128 cases (15 per cent) occurred in the great majority beyond 
the age of 50. This is in keeping with the observation that only the 
smaller arteries and arterioles are involved in the pathological 
process under discussion. 

Discussion 

From a review of the literature it is apparent that involvement of 
the vascular system is a common accompaniment, if not indeed a 
constant manifestation, of rheumatic infection. While it has been 
shown that a very close relation exists between lesions appearing in 
the heart and arterial system, the degree of pathological alteration 
observed in any particular organ is subject to wide variation. It is 
dear, however, that the lesions induced by a rheumatic infection 
have certain well defined and characteristic manifestations in what- 
ever tissue or organ they may be foimd, and that a common mode of 
reaction is always present. The most common and characteristic 
expression of rheumatic infection is in a non-suppurative perivascu- 
lar reaction affecting chiefly the smaller vessels, associated with 
edema and round cell infiltration, and leading to the formation of 
new connective tissue. We are becoming more and more convinced 
that the pathological changes taking place in this condition are 
largely dependent upon a primary vascular lesion. 
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It would appear that this reaction and its influence upon the 
kidney structure constitutes a definite type of interstitial nephritis. 
While the balance of evidence would suggest that the glomerular 
change is a result of a nutritional disturbance and not primarily of 
infla mm atory origin, it is easily conceivable that the same injurious 
agent that is responsible for the vascular lesion might occasionally 
lead to direct glomerular damage. As Ellotz long ago pointed out, 
vascular changes in the kidney do not occur apart from inflamma- 
tion, and it is to a common type of injury that both vascular struc- 
tures and parenchymal tissue react. 

While we believe that the changes noted are of frequent occurrence 
and give rise to a definite type of interstitial nephritis, the renal 
damage is only occasionally of sufiheient severity to attract the at- 
tention of the clinician and lead to a diagnosis of kidney disease 
during life. In the acute stages of rheumatic fever small traces of 
albumin in the urine, which are frequently encountered, are usually 
ascribed to other causes. On the other hand a failing heart, with 
an associated congestion of the kidneys, very materially obscures 
the pictmre of an underlying nephritis toward the terminal stages of 
the disease. It must be observed, however, that in recurring infec- 
tions the repeated injury, which plays such an important r 61 e in 
the pathological changes within the heart, may in a similar manner 
be suffered by the kidney, leading to a gradually diminishing re- 
serve in the functioning power of that organ. 

We cannot, however, assert that the changes which we have 
described in association with rheumatic fever may not be clearly 


reproduced by other forms of infection, particularly those of strep- 
tococcic origin. None of the lesions described as specific manifc.'^ta- 
tions in the kidney by certain authors, particularly Pappenheimer 
and VonGlahn, has in our experience been observed. It v/ould seem, 
however, that a mode of reaction in general similar in character 
and comparable to that found in the myocardium and v/all of the 
aorta may take place in many of the peripheral vessels. Until more 
light has been thrown upon the etiology of rheumatic fever the part 
played by this disease in nephritis is open to debate. I hac sue a 
relation c.xi5t5 is, we believe, beyond que.stion. It must !/«. cm 
phasized that the clianges observed have an irregular distri u.tjoru 
and that, as a rule, only relatively few vessels are involve? ‘ ' 
pathological processes described- llius, in gcrumal, insunn'- 
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damage is brought about to impair renal function seriously, and it 
is only exceptional that evidence of Hdney disease is discovered 
during hfe. It must be stated definitely, however, that in a large 
percentage of cases of rheumatic fever the kidneys, as well probably 
as many other organs, do not entirely escape, and will exhibit evi- 
dence of acute, recurring or chronic vascular damage, reflecting 
itself in a varymg degree of pathological alteration of renal structure. 

Summary and Conclusions 

1. A study of the kidney lesions in 16 cases of rheumatic fever was 
undertaken. 

2. A perivascular inflammatory reaction of the acute non-sup- 
purative type, affecting the smaller arteries and arterioles was 
present in 8 cases. Evidence of perivascular scarring was noted in 4 
cases, while a recurrent type of inflammation was met with in 2. 

3. The inflammatory reaction is usually seen in the adventitia 
and periadventitial tissues, with occasional infiltration and de- 
structive change in the medial coat. Intimal changes, consisting of 
an endothelial swelling and profiferation, are inconstant. 

4. Glomerular damage, which was only well marked in i case, 
is to be regarded as dependent chiefly upon nutritional disturbances 
brought about by vascular changes. Little evidence of active or 
healed inflammatory processes was met with in the glomeruli. 

5. No evidence of the specific vascular lesions described by Pap- 
penheimer and VonGlahn was met with in the cases studied. 

6. The lesions described, which in general bear a close resemblance 
to perivascular foci of inflammation found in the myocardium, may 
be looked upon as constituting a definite type of interstitial nephritis. 
It is seldom, however, that sufficient alteration in structure to justify 
a diagnosis of renal disease during life occurs. 


BIBLIOGRAPHY 

Aschoff, L. The pathogenesis of the contracted kidney. Arch, hit Med loi? 

12, 723-738. *’ ^ 

Aschoff, L. Pathologische Anatomic. Gustav Fischer, Jena, 1928. 

Baehr, G., and Sacks, B. The occurrence of glomerulonephritis in association 
vfith verrucous endocarditis. Proc. New York Path. Soc., 1923, 23, 64-69. 

Baehr, G., and ^tter S. A. The arterial supply of the kidney in nephritis; its 
relation to the dmical picture. Arch. Path., 1929, 7, 45^472. 




BLAJSDELL 


Baehr, G. Glomerular lesions of subacute bacterial endocarditis. /. Expcr, 
Med., 1912, 15, 330-347- 

Baehr, G. Renal complications of endocarditis. Tr. A. Am. Physicians, 1031, 
46, 87-95. 

Bell, E. T., and Hartzell, T. B. The etiology and development of glomerulo- 
nephritis. Arch. hit. Med., 1922, 29, 768-S20. 

Chalier, J., and Delore, P. La nephrite rhumatismale. J. dc mid. de Lyon, 
1925, 6, 243-249. 

Ehvjm, H. Some present-day concepts in nephritis. Am. J. M. Sc., 1930, 179 f 
149-166. 

Fahr, T. Kurze Beitrage zur Frage der Nephrosklerose. Deutsches Arch./, klin. 
Med., 1920, 134, 366-376. 

Fahr, T. Pathologische Anatomie des Morbus Brightii. Handbuch der spezicl- 
len pathologischen Anatomie und Histologic, Henke, F., and Lubarsch, 0 . 
Julius Springer, Berlin, 1925, 6, Pt. 1, 121 and 156. 

Fishberg, A. M. The arteriolar lesions of glomerulo-nephritis. Arch. Int. Med., 
1927, 40, 80-97. 

Fiirbringer, P. Die Krankheiten der Ham- und Geschlechtsorgane. F. Wreden, 
Braunschweig, 1884, 295. (Cited by Pribram, p. 528.) 

Klotz, Oskar. Chronic interstitial nephritis and arteriosclerosis. Am. J. M. 
Sc., 1915, 150, 827-835. 


Klotz, Oskar. Rheumatic fever and the arteries. Tr. A. Am. Physicians, igi^p 
27, 181-187. 

Klotz, Oskar. Concerning the pathology of some arterial diseases. Ann. Chn. 
Med., 1926, 4, 814-828. 

Klotz, Oskar. Arterial lesions associated with rheumatic fever. J. Polh. cf 
Bad., 1913, 18, 259-269. 

Klotz, Osluir. Arterial diseases and renal incompetence. Canad. M. A.J., 

IS, 347-356. 

Klotz, Oslutr, Arteriosclerosis. Canad. M. A. J., 1926, 16, 11-18. 

Ivbhlein, M, Cbcr die entztindlichcn Veranderungen dcr Glomeruli der rncnsdi- 
lichcn Jsieren und ihre Bedeutung filr die Nephritis. Arh. a. d. path, lus • 
zu Ijdpzig, 1907, No. 4. 

McGregor, L. The finer histoIog>' of the normal glomerulus. Am. J. P‘dh., 
1929, 5 , 545-558- 

McGregor, L. The cylological changes occurring in the glomerulus of dinica 
glomerulonephritis. Am. /, Po//;., 1929, 5, 5S9"S86. 

Pappenheimer, A. M., and VonGlahn, W. C. I^csions of the aorta 

v.'ith aajte rheumatic fever, and with chronic cardiac disease o. r icum, 


origin. J. Med. Re 

Pappenheimer, M., 
rheumatic ferv'er; 


., 1924,44, A ^ OSOS - 


and VonGlahn, W. C. .Studies in the 
two ca.se5 presenting unusual cardiova’-cuwr 


cf 


Am. J. Path., 19:7- 3 . 583-59?. 



RENAL LESIONS OF RHEUMATIC FEVER 297 

Pribram, A. Der acute Gelenkrheumatismus, Nothnagel, H. Specielle Path- 
ologie und Therapie, A. Holder, Wien, 1901, 5, Pt. 2. 

Sacks, B. The pathology of rheumatic fever; a critical review. Am. Heart 
1926, 1, 750-772. 

Slater, S. R. The involvement of the coronary arteries in rheumatic fever. 
Am. J. M. Sc., 1930, 179, 22-27. ■ 

Thayer, W. S. Notes on acute rheumatic disease of the heart. Bull. Johns 
Hopkins Hosp., 1925, 36, 99-104. 

VonGlahn, W. C., and Pappenheimer, A. M. Specific lesions of peripheral blood 
vessels in rheumatism. Am. J. Path., 1926, 2, 235-249. 

Wilbur, D. L. The normal renal glomerulus of man. Arch. Path., 1931, 12, 
413-428. 




PRIMARY AMYLOID DISEASE OF THE HEART * 

REPORT OE A CASE 
John W. Budd, M.D. 

{From the Pathology Laboratory, St. Vi7icent's Hospital, Los Angeles, California) 

Although primary amyloid disease of the heart is very uncom- 
mon, the cases that have been reported in the literature indicate 
that the hyaline substance may be deposited in the epicardium, 
myocardium, endocardium, valves, or in the walls of adjacent blood 
vessels. Pronounced involvement of the endocardium, the superior 
and inferior venae cavae and the pulmonary artery was found in a 
case seen recently. Since the literature on this subject does not in- 
clude illustrations of lesions having the distribution indicated it is 
the purpose of the present communication to record pictorially 
amyloid infiltration of the vascular lining of the heart and blood 
vessels. Also, Mayer’s method of staining amyloid in parafiSn sec- 
tions ® is described because it has been foimd worthy of more gen- 
eral application. 

Report of Case 

Clinical History: A 75 year old white male was admitted to St. Vincent’s 
Hospital, Los Angeles, on July 13, 1932, with the chief complaint of hematuria. 
He had suffered from nocturia three times nightly for some time and there had 
been difficulty in starting the stream. Urination was not painful, although it 
was slow and the stream was intermittent. On June 30, 1932, dark red clots 
of blood appeared in the urine, which cleared up after four to five urinations and 
remained clear until the night before admission when bloody urine was again 
noticed. There was never any pain although there had been soreness above the 
s5Tnphysis. The patient had had tjTphoid at 18 years of age, malaria at 20, 
“kidney colic” at 40 and inflammation of the gall-bladder i year ago. There 
were no cardiac complaints. 

Physical examination revealed a well preserved, elderly male who weighed 
210 pounds. The blood pressure was 130/72 and the pulse 80. Examination of 
the head, neck, chest and abdomen gave negative results. Upon rectal exami- 
nation the right lobe of the prostate was 4 plus enlarged, firm and nodular, 
while the left lobe was smaller in size and smooth over the surface. The bladder 
contained 75 cc. of residual urine. Cystoscopic examination of the bladder 
revealed old and recent blood clots that obscured the base, but the lateral walls 
and dome were normal. 


* Received for publication September ii, 1933. 
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The urine was free of sugar but showed a trace of albumin with a few er>’- 
throcjdes and pus cells. The hemoglobin was 70 per cent (Sahli) and the white 
blood cells numbered 10,800 with 73 per cent pol3Tnorphonuclear leukoc}’tcs. 
The blood urea was 34 mg. Roentgenological examination of the chest showed 
the heart shadow moderately enlarged but the lung fields were normal. Films 
of the kidney's, ureters, bladder and pelvic bones were negative for calcareous 
deposits and metastases. 

The diagnosis of carcinoma of the prostate gland was at first considered, 
but following cystoscopy it was thought that the bleeding was due to an en- 
larged, benign, intravesical prostate. Suprapubic drainage of the bladder was 
advised and was carried out. A tumor 3 cm. in diameter was found situated in 
the base of the bladder anterior to the right ureteral orifice, wdlh two secondary' 
nodules about i cm. in diameter to the right of the internal urethral orifice. 
A segmental resection of the bladder, including the tumor, was made and the 
bladder reconstructed. The lesion was reported as carcinoma of the bladder. 

The patient reacted satisfactorily to the operation and the postoperative 
course was essentiallj'- uneventful. The blood pressure remained about 140/60. 
The pulse remained full, although there was some irregularity with occasional 
extra systoles. He was discharged from the hospital July 19, 1932, wearing a 
urethral catheter, and there was still some drainage from the suprapubic wound. 
He was readmitted to the hospital Nov. 7, 1932, nearly 5 months after opera- 
tion, because of suprapubic extravasation of urine and inability to get along 
\vithout the urethral catheter. Examination of the heart at this time revealed 
a blowing s3^tolic murmur over the aortic area, which was also heard over 
apex and w’as transmitted to the axilla. Suprapubic drainage was again in- 
stituted and extensive recurring carcinoma was found in the bladder. He re- 
turned home Nov. 18, 1932, where he remained until his death, May 8, 1933 ' 
During this interval hard tumor masses appeared in the abdomen, which at- 
tained a very large size. There were s>’mptoms and findings suggestive of 
bilateral ureteral obstruction with marked urinary' sepsis. 

An autopsy was performed 12 hours after death. Since the lesions 
that constitute the subject of this report were found solely in the 
heart and great vessels, only these structures are described in detail. 


Gross Pathology or Heart 

The heart weighed 500 gm. and was symmetrically enlarged. 7lic 
serosal surfaces w'ere smooth and glistening and a considerable 
amount of subepicardial adipose tissue largely obscured the mus- 
culature. This extended well upw'ard over the pulmonar>' artep 
and systemic aorta. Upon exposing the endocardium of the ng it 
auricle the surface v;as covered by numerous closely placed trans u- 
cent nodules tha.t were scarcely more than pin-point in si^e. 
touching them lightly with the finger tips they were easily 
and imparted the sensation of a find}' sanded surface. 1 ita 
of this process was not appreciated until after microscopic scciiee. • 
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were studied, when it became apparent that the glassy material was 
amyloid. Its distribution could be more accurately estimated after 
staining the heart with iodine (Fig. i). Nodules extended over the 
surfaces of the superior and inferior venae cavae for a distance, but 
there seemed to be a rather sharp line of demarcation in the superior 
vena cava, beyond which the vessel was normal. Amyloid was also 
quite conspicuous over the valve of the coronary sinus, as well as 
in a Chiari network,® which coursed along the superior surface of the 
auricle from the left margin of the superior vena cava. The foramen 
ovale was widely patent and the thin membrane that guarded the 
opening was covered by conglomerate foci. The leaflets of the tri- 
cuspid valve and even the chordae tendineae were surprisingly free 
of amyloid. Nodules were quite numerous in the endocardium of the 
right ventricle, however, (Fig. 2), being most conspicuous just below 
the pulmonary valve. The leaflets of the valve were quite free of 
disease, except close to the line of attachment where occasional 
stained areas were present. From the valve almost to the bifurca- 
tion the intima of the pulmonary artery was peppered with amyloid, 
but distally a normal structure was assumed. The endocardium of 
the left auricle (Fig. 3) showed smaller and probably fewer foci of 
hyaline material than the right auricle, but maximum involvement 
in both was present in the membranous interauricular septum. Prac- 
tically no amyloid was found in the mitral valve leaflets, chordae 
tendineae, or on the surface of the papillary muscles, although sev- 
eral glistening, translucent vegetations 2 to 3 mm. in diameter were 
present along the free edge at the left angle of the valve and along 
the midportion of the anterior leaflet. Nodules of amyloid were less 
nmnerous in the endocardium of the left ventricle. Upon exposing 
the aortic valve there were a considerable number of rounded, 
calcified masses 2 to 4 nun. in diameter present over both surfaces 
of aU the leaflets, and calcified adhesions were found between the 
free edges of the leaflets at the right anterior commissure for 0.8 cm. 
from the aorta. There was no calcification in the aortic wall of the 
sinuses and the intima of the aorta showed only occasional streaks 
and elevated plaques of yellowish, opaque, atheromatous material. 
No amyloid was seen in either the valve or the artery. The coronary 
orifices were unobstructed and when the vessels were followed by 
serial cross-sections the walls showed only moderate atheromatous 
changes. No amyloid was found in the intima or media of the major 
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arteries, although the walls of the coronary veins were heavily in- 
filtrated. The myocardium throughout was somewhat pale but 
moderately firm and uniform in consistence and texture. There was 
but the slightest suggestion of a glassy mottling in the unstained 
tissue, but a section through the midportion of the left lateral wall 
of the left ventricle, when stained with iodine, showed a consider- 
able amount of amyloid in the myocardium (Fig. 4). This was also 
true of the right ventricle and the walls of both auricles. 


Microscopic Examination 


A small piece of endocardium from the left auricle was stained in 
iodine and examined with the low' pow'er objective, using reflected 
light (Fig. 5). The surface showed a mosaic pattern, being divided 
into oblong, rhomboid and polygonal areas less than i mm. in diame- 
ter by sharp sulci, which intersected at all angles. Occasionally the 
grooves were parallel and formed longitudinal folds. The surface 
amyloid was largely h’mited to the summits of such areas and al- 
though it extended down over the margins for a distance in the 
zones of heavier deposit, it was uncommonly found in the troughs. 
In its finest form it was deposited as rounded, sharply circumscribed 
nodules 50 to 100 microns in diameter. Where these were closely 
placed they were likely to coalesce and the fused nodules formed 
bizarre patterns of various sizes and shapes which might be triangu- 
lar, rod-like or quite rounded. Where coalescence had resulted in 
larger accumulations the amyloid was distributed in some variation 
of star-shape. Some were quite perfect six-pointed stars that pre- 
sented a stippled appearance; others showed a central nucleus 
about wdiich there w'ere bar-like striae radially placed. T he summit 
of a longitudinal fold, which was covered by many closely packed 
star-shaped masses of amyloid, w'as not unlike the appearance of a 
chain of mountains on a relief map, 'nie various figures and p^i 
terns that could be found were limited only by the imagination o. 
the obseiw'cr. Myocardium from the left auricle, \'.']iic}i v.-as cut 
parallel to the surface, wms similarly studied (Fig. d)- Ihere -ort 
bundles of fine, white, opacjuc fibrils that ran in many direction:! a 
formed a tightly woven meshwork, the interstices of which coruaifco 
vacuolated tissue. This me.«.hwork of fibrils shovred a tigroid mo» 
tling of alternating dark brown and pale yellow zones, ‘ 

short, broad and feather-edged. Closer inspection fhov.tO 
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deeply staining bands crossed by fine white parallel fibers, which 
varied in caliber from one place to another and whicli anastomosed 
and branched. The paler areas were striated by fine brown streaks 
that often connected one dark zone with another. It was obvious 
that the pale fibrils were muscle cells and the dark material was 
amyloid. In the dark zones thin muscle fibers were seen against a 
dark background of stained amyloid, and in the light areas narrow 
streaks of amyloid were seen against a pale background of muscle 
tissue. The amount of amyloid varied from place to place and alter- 
nating zones of about equal size contained large and small quan- 
tities. A fine white stippling over a dark brown field was noted 
in the rare areas in which a muscle bundle was seen in cross-section. 
In the adipose tissue the individual fat globules- were brought into 
sharp relief by amyloid that was deposited between cells. 

Tissue for paraffin sections was taken from many areas of the 
auricles, ventricles, valves and large blood vessels, some of the 
typical lesions of which will be described. 

Pulmonary Artery: Rounded,' ovoid and lenticular areas of 
hyaline material are found in the inthna, media and adventitia 
(Fig. 7). They are quite dense, homogeneous, aceUular and sharply 
demarcated as a rule, being more munerous superficially, with many 
bulging toward the lumen from just beneath the internal elastic 
membrane. Although elastic fibers can be traced coursing through 
an area they usually end rather abruptly at the margin. The internal 
elastic membrane sometimes sphts to surround a nodule. 

Endocardium: In the endocardiun of the auricles amyloid is 
deposited in much more irregular plaques which vary greatly in 
size and have a tendency to spread along the surface and coalesce 
(Figs. 8, 9 and 10). Many plaques which extend to the surface 
are covered only by endothelium. Some present a palisade effect 
and are the full thickness of the endocardium, while others are only 
in the deeper layers. 

Myocardium: The amyloid has a very patchy distribution. It 
can easily be identified appearing in the fibrous stroma and fre- 
quently is closely applied to the individual muscle fiber, forming 
a sheath or tube of narrow or broad dimension which completely 
encircles the cell. In places it is seen only in the walls of blood 
vessels and the stroma itself is free. The muscle fibers in many 
instances appear of normal size and their finer structures are well 
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preserved. Atrophy is noted, however, in foci of more dense ac- 
cumulation with some fibers entirely missing, leaving unstained 
vacuoles in a mass of amyloid. Involvement of the musculature 
near the epicardium seems no different from that of the central 
part or near the endocardium, although it is most e.vtensivc in 
the wall of the right auricle with the left auricle and the right and left 
ventricles next in order. 

Pericardium: Amyloid is found in tw'O locations, chiefly dose 
to the myocardium, w'here it has been deposited behveen the fat 
cells to a moderate degree. It is also seen in the walls of smaller 
vessels, especially veins. Plaques of amyloid beneath the serous 
surface are not found. 

The other postmortem findings w'ere largely those of extensive 
neoplastic involvement of the prostate, bladder, suprapubic sinus 
tract, retroperitoneal tissues, lymph nodes, kidneys, pancreas and 
mesentery. There v/as obstruction of both ureters vith marked 
hydronephrosis on the left and pyonephrosis on the right. No 
raetastases were demonstrated in the liver and lung, or in the 
vertebrae and pehde bones exposed. The tumor microscopically 
is an adenocarcinoma, being primary in the prostate, I'here is 
no microscopic evidence of amyloid in the lung, spleen, liver, pan- 
creas, colon, adrenal, kidney, bladder, prostate, lymph node or 
tumor tissue. An examination of the nerv'ous system was not 
made. 

Pathological Diagnoses: Extensive carcinoma of prostate with ex- 
tension to the bladder, suprapubic sinus tract, retroperitoneal, 
periaortic and mesenteric lymph nodes, kidneys and pancrca.-', 
amyloid disease of the heart, puImonary*^ artcr>* and venae cavac, 
endocarditis, old with aortic stenosis; endocarditis, acute (rnitrJ), 
hydronephrosis with pyonephrosis (right); acute ulcerations of 
stomach; old cholcc}'stitis with mucocele; multiple infarctions o: 
spleen. 


^^ETI^OI)S 


The stains employed to identify amyloid were iodine ami gentian 
violet. For gross staining the whole heart was placed in a 5 P' r 
alcoholic solution of iodine and v/hen well stained was 
v.'ater to which a few drops of sulphuric add were addt'<l. 

3 <lays were required for complete destaining and |>hotogr.q'--^ > 
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taken when the desired degree of contrast appeared, which was 
after 24 hours in this instance. In photographing the specimen a 
strong yellow filter such as the Wratten “G” helped the contrast, 
amyloid appearing black in the picture. 

Paraffin sections were stained with gentian violet after Mayer’s 
method, as described by Mallory and Parker.*" Formahn-fixed tis- 
sues were embedded in paraffin and cut into suitable ribbons. One, 
two or three slices were cut from the ribbon with a scalpel and al- 
lowed to spread by transferring with a camel’s hair brush to a small 
dish of distilled water which had been heated to 108° F. When 
completely spread they were pulled upon a glass slide and trans- 
ferred to a warmed 0.5 per cent aqueous solution of gentian violet 
and allowed to stain 2 to 5 minutes. Staining was controlled with 
the microscope and as soon as the amyloid had a good pink color, 
with the remaining tissue purple, the sections were quickly washed 
in warmed distilled water and allowed to differentiate in ^ to | per 
cent acetic acid. Differentiation was also controlled microscopically 
and as soon as completed, usually in 30 to 60 seconds, the sections 
were quickly washed in fresh warm distilled water and mounted 
on dean glass slides without using glycerin-albumin. Dr3dng over 
night at room temperature was usually suffident, although it was 
sometimes necessary to warm in the 37° C incubator. After thor- 
ough drying the sections were dipped in fresh xylol i to 2 minutes 
to deparaffinate and dear and were mounted in gum damar. 

The procedures can be very conveniently carried out by employing 
small oblong staining dishes of about 100 cc. capacity in which the 
solutions are kept at the proper temperature on a hot plate. In the 
absence of a constant temperature hot plate the jars were placed 
in a 12 inch pan filled with water which was kept at 105° F by a 
small alcohol lamp. It was easy to transfer the paraffinated sec- 
tions from solution to solution by pulling them onto a glass slide 
with a dissecting needle or camel’s hair brush. 

When the sections were placed directly in the stain, without first 
allowing them to spread, the stain was likely to be imeven. Over- 
staining destroyed the contrast between amyloid and fibrous tissue 
and overtreatment with acid resulted in very pale, poorly contrast- 
ing sections. Moisture interfered with the preservation of the stain 
and could easily be detected before deparaffinating by examining 
the section with the low power objective, using diminished illumi- 
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nation. A strong green filter such as a Wratten “B” was most 
useM in photographing the gentian violet stain, amyloid appearing 
black in the picture. 

Discussion 

Cases of amyloid disease of the heart fall into one of three general 
classes, depending upon the deposition of the hyaline substance in 
other tissues and organs of the body. In the largest group of cases 
of generalized amyloidosis, diffuse infiltrations affect various paren- 
chymatous organs, such as the liver, spleen, kidney, adrenal, pan- 
creas and, not infrequently, the heart. In generalized amyloidosis 
of muscular systems,^’® there is an atypical distribution of amyloid 
•which affects exclusively the cardiac, skeletal and smooth muscle 
tissues of the body. Those cases in which amyloid infiltration is 
confined primarily to the heart constitute the final group. 

Since the condition in the present case was not appreciated at the 
time of postmortem examination extensive investigation of the 
skeletal muscles of the head, extremities and trunk w'as not made, 
although the smooth muscle of the bladder and gastro-intestinal 
tract was examined both grossly and microscopically. The absence 
of clinical evidence of skeletal muscle disease, and the finding of 
amyloid only in the locations described, would seem to warrant the 
conclusion that this case is one of primary amyloidosis of the heart. 
The amount of amyloid present in the m3^ocardium is, perhaps, less 
than has been described in previous cases and, so far as is known, 
a partial heart block was the only specific clinical observation that 
might have been caused by the disease. The great importance of 
the heart lesion as a cause of death is questionable, but it undoubt- 
edly contributed to the final cardiac failure. 

StUrdtAIlY 

1. A case of primarj’' amyloid disease of the heart is reported both 
descriptivcl}^ and pictorially. 

2. hfayer’s method for staining amyloid in paraffin sections 
described. 
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DESCRIPTION OF PLATES 


Plate 83 

Fig. I. Right auricle. Note amyloid in the auricular endocardium, superior 
vena cava, valve of the coronary sinus, and the Chiari network. Involve- 
ment of the tricuspid valve is seen only near the margin of attachment. 
Iodine stain; about f natural size. 

Fig. 2. Right ventricle, conus arteriosis, pulmonary valve and pulmonarj' 
artery. Iodine stain; |- natural size. 








Plate 84 

Fig. 3. Left auricle, mitral valve and left ventricle. Iodine stain 
size. 

Fig. 4. Cross-section of left ventricle. Iodine stain, x 3-S. 
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Plate S5 

Fig. s- Surface of endocardium of right auricle. Iodine stain, x lo- 
Fig. 6. Cut surface of myocardium of right auricle. Iodine stain, x 18. 
Fig. 7. Cross-section of pulmonaiy artery. Gentian violet stain, x 25. 
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Plate 86 


Figs. S and 9. Cross-sections of right auricle. Gentian violet stain, x 
Fig. 10. Cross-section of right auricle. Gentian violet stain, x 125. 





















A CASE OF HODGKIN’S DISEASE IN A DOG * 


H. E. MacMahon, M.D. 

{From the Department of Pathology, Tufts College Medical School, Boston, Mass^ 

One hundred years have passed since Hodgkin ^ described clini- 
cally a disease of the l)nnphoid system that later acquired his name. 
During this period the hterature has abounded with papers dealing 
with various aspects of this problem, perhaps most outstanding of 
which are the works of Wilks, ^ Sternberg,® Reed,^ and Ziegler.® The 
variety of clinical manifestations, the typical as well as the atypical 
histological types, the time honored discussion of the relation of this 
disease to tuberculosis, the problem of etiology, and lastly the ques- 
tion of whether or not this disease should be considered as a type of 
malignant tumor are aU problems with which both clinicians and 
patholo^sts are only too familiar, and will not be discussed in this 
very brief report. With the literature as extensive as it is, it is quite 
possible that some papers may have been overlooked, but after a 
careful search I have been unable to find a single report of Hodgkin’s 
disease occurring in the dog. 

We have recently found a case, quite by chance, in a dog brought 
into the school for experimental purposes. The object of reporting 
this case is not to call attention to what would appear to be rather 
a curiosity, but to point out that a disease of lymph nodes, simulat- 
ing Hodgkin’s lymphogranulomatosis in man, may occur spon- 
taneously in dogs. 

The dog was of the large mongrel type and showed on examina- 
tion a firm nodular swelling approximately 7 cm. in diameter along 
the right side of the neck. This swelling could be grasped in the 
hand and moved slightly, but it seemed definitely adherent to the 
overlying skin, which at one point showed a recent abrasion. A 
complete autopsy was performed which, with the exception of this 
mass in the neck, may be considered negative. Sections were taken 
from several areas in this mass and stained with a variety of stains 
to bring out cellular and intercellular detail; in addition a futile 

^ Received for publication September 6, 1933. 
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search was made for tubercle bacilli, both by direct smear and also 
in fixed tissue preparations. 

Grossly the swelling consisted of a massive enlargement of the 
cervical lymph nodes, in the midst of which the individual nodes 
could not be defined. They were bound not only together, but also 
to the surrounding fascia and muscles. The mass varied in color, 
texture and consistence; some areas were soft, gray and homogene- 
ous, others were gray, tough and fibrous. Still other areas, slightly 
caseous, suggested areas of necrosis. 

Histologically, the normal architecture of the lymph nodes is 
almost entirely replaced by a very cellular type of granulation tissue 
showing a complex hyperplasia of endothelial cells, reticular cells, 
fibroblasts, lymphocytes, plasma cells, eosinophiles and, most char- 
acteristic of all, many large cells well recognized as the Sternberg or 
Dorothy Reed giant cells. These cells are both single and multi- 
nucleated with abundant, homogeneous blue-staining cytoplasm and 
large, round, oval or irregular nuclei showing not infrequently 
symmetrical and asymmetrical mitoses. Some areas are composed 
almost entirely of lymphocytes and plasma cells, others of reticular 
and endothelial cells supported by a delicate reticulum, still other 
areas much less cellular are sclerosed and made up of coarse bands 
of collagen fibers, isolating here and there typical Sternberg giant 
cells. The vessels are large and thin-w'alled, and in some areas 
where collections of cells have accumulated beneatli the endothelium 
of the intima the lumina are almost obliterated. The capsule of the 
lymph nodes is infiltrated and the same confusion of cell types is 
seen out in the surrounding connective tissue and muscles. 

The location of the lesion and the complexity of the histological 
picture, coupled with the presence of the characteristic Sternberg 
giant cells permit, from the standpoint of microscopy, the diagnosis 
of Hodgkin’s granuloma almost with certainty. 

The restricted localization of the disease in this case may lead one 
to doubt this diagnosis or to accept it with some hesitancy. Origi- 
nally Hodgkin’s disease was looked upon as a fairly (ii.sst-minaled 
lesion of lymphoid tissue, and probably even today most cases fa 
into this category. However, many cases arc now diagnosed lx){ i 
by clinicians and by pathologists in which only a single group oi 
lymph nodes are involved, or perhaps only a single organ or 
of organs. 



Hodgkin’s disease in a dog 


In a condition such as Hodgkin’s disease, in which the etiology is 
still obscure, the final diagnosis must depend on the histological 
examination. Furthermore, as Sternberg ® has recently pointed out, 
in criticizing many of the so-caUed atypical t3^es of Hodgkin’s 
disease one must find the characteristic histological changes con- 
sidered specific for the disease before one can establish a specific 
histological diagnosis. 
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Fig. I. Lymph node. In the center of the field is a large Stemherg giant cell 
surrounded by lymphocytes, reticular cells and fibroblasts. The back- 
ground is composed of a delicate reticulum infiltrated "witli polymorpho- 
nuclear leukocytes, including an occasional eosinophil. 

Fig, 2. Lymph node. In the center of the field is a large Sternberg giant cell 
surrounded by I}Tnphocytes, and an occasional large reticular cell. The 
stroma is abundant and is composed of interlacing bundles of collagen 
fibrils. 

Fig. 3. Lymph node. Section shows a large Sternberg giant cell in the center, 
surrounded by lymphoc>'tes, fibroblasts, a few pol3nnorphonudcar leuko- 
cytes and an occasional swollen reticular cell. The connective tissue stroma 
is fairly abundant. 

Fig. 4. Lymph node. Section shovrs four Sternberg giant cells, scattered lym- 
phocytes, fibroblasts, an occasional polymorphonuclear cell, and a rather 
delicate reticulum stroma. 



American Journal of Pathology. Vol. X 


Plate 87 



MacMahon 


Hodgkin’s Disease in a Dog 











PRIMARY CARCINOMA OF THE DUODENUM * 

Vincent J. Dardinski, M.D. 

{Frovt the Department of Pathology aiid Parasitology, Georgetown University, School 

of Medicine, Washington, D.Ci) 

Primary carcinoma rarely attacks the small intestine and when it 
does it is usually found in the duodenum or close to the ileocecal 
valve. From 1915 to 1919 inclusive Lahey,^ Jefferson,^ and Judd^ 
reported 24 cases of primary carcinoma in the small intestine dis- 
tributed as follows; 1 1 cases were in the jejunum, 5 in the duodenum, 
6 in the ileum and 2 showed multiple involvement. In 1925 Euster- 
man, Berkman and Swan ^ reported 39 cases of primary carcinoma 
of the small intestine, of which 15 were in the duodenum. 

The frequency with which carcinoma of the duodenum is found can 
be judged by the fact that between the years 1882 to 1931 inclusive 
there have been reported in the literature 6882 cases of intestinal 
carcinoma. Of these 147 or 2.13 per cent were in the duodenum. 
This is roughly o.oi to o.i per cent of all postmortem examinations. 
The figures are usually given as o.oi to 0.03 per cent.® According to 
Brill,® only 2.5 per cent of intestinal carcinomas are in the small in- 
testine, being equally divided between the duodenum and the ileum. 

For purposes of description carcinoma of the duodenum is divided 
into three groups, according to their anatomical position: (i) para- 
pyloric, (2) peri-ampullary, and (3) prejejunal. They may be more 
conveniently classified as carcinoma of the first, second or third 
portion of the duodenum, or according to their relation to the major 
duodenal papilla as suprapapiUary, peripapillary, and infrapapillary. 
Of these by far the most common type is the peripapillary, the most 
infrequent the infrapapiUary or prejejunal. 

The suprapapiUary type has practically the same clinical picture 
as carcinoma of the pyloric end of the stomach and since it is rela- 
tively uncommon in this position and because of its close relation to 
the pylorus it is probably suspected less commonly than carcinoma 
of the pylorus. It usually encircles the duodenum, producing com- 
plete or almost complete stenosis with dilatation of aU the bowel 
proximal to it, including the pyloric ring. 

* Received for publication August 26, 1933* 
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The peripapillary is the most frequent type of carcinoma of the 
duodenum. It usually arises in or about tlie papilla as an infiltra- 
tion and tends to encircle and extend along the duodenum. If it 
occurs in the upper part of the second portion of the duodenum or 
just above the major duodenal papilla, and not involving it, prac- 
tically the same clinical picture will be produced as with carcinoma 
in the suprapapillary portion, or pyloric carcinoma. If it involves 
the papilla the flow of bile will be interfered with and jaundice or 
other complications will develop. If it is immediately below the 
papilla stenosis will gradually occur and give rise to obstruction 
with bilious vomiting. 

It must also be remembered that carcinoma just above the 
papilla may produce the same clinical symptoms as that occurring 
on or in the papilla. This is due to the close proximity of the com- 
mon bile duct to the wall of the intestine in this region, as a result 
of which it may gradually be involved and occluded by fibrous 
stricture or by direct extension of the grov/th into the duct. How- 
ever, carcinoma above the papilla may be diflerentiated from car- 
cinoma of the papilla because of the gradual development of per- 
sistent jaundice, in contrast to the intermittent tj'pe of jaundice 
usually seen with carcinoma of the papilla. 

The term “carcinoma of the ampulla of Vater’’ is sometimes er- 
roneously apph’ed to carcinoma of the duodenum involving the 
papilla. It should be understood that by the former term is meant 
carcinoma arising inside the papilla, while the otlicr t}pe i.s on the 
surface of the papilla and of the intestinal muco.sa. When the car- 
cinoma arises on the surface of the papilla the flovr of bile is inter- 
fered with, although not as a rule completely blocked. A change 
that may frequently follow on this and rapidly prove fatal i.s .sup- 
purative inflammation of the bile ducts. 

The infrapapillary t>pe of carcinoma is the least frequent. It 
usually is in close proximity to the ligament of 'J Vcitz and producer- 
symptoms similar to those of intermittent intestinal obstnJCtfon. 

It resembles pyloric obstruction, except for the presence of bile and 


pancreatic juice in the 'vomitus. 

It is not the purpo.se of this paper to enter into a discu.won con- 
ceniing the type of tissue from which the newgrowth arises. SufliC* 
it to say that ulcer, aberrant tissues or fetal rests may be , 

but because of the extreme difficulty v.'ilh whicli tlie p.'tiholog!. ^ i - 
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confronted in trying to differentiate them it seems sufficient at pres- 
ent to call these newgrowths adenocarcinoma, until better methods 
are developed which will enable us to be more accurate in a differen- 
tiation. 

The following case we believe is worthy of reporting because it 
represents a primary carcinoma of the duodenum of the periampul- 
lary type occurring in close proximity to the papilla but not involv- 
ing it. 

Report of Case 

Clinical History: The patient, C. P., a male negro, 45 years of age, was ad- 
mitted to the Georgetown University Hospital with a history of progressive 
painless jaundice of 3 weeks duration, accompanied by belching, heartburn, sour 
stomach and vomiting on one occasion. There had been progressive weakness, 
loss of weight (18 pounds), and diarrhea for 3 weeks, but no bloody or tarry 
stools had been present. Previous health up to time of onset of present S5Tnp- 
toms was excellent. 

Physical examination disclosed a marked icterus of the sclerae, and pro- 
nounced weakness. The abdomen was slightly distended and a small mass 
about 8 cm. in diameter was felt in the gall-bladder region. 

The urine contained a large amount of bile, albumin and many casts. The 
blood contained 68 per cent hemoglobin, 3,330,000 red blood cells and 7400 
white blood cells, of which 80 per cent were polymorphonuclear. The Wasser- 
mann reaction was negative. The van den Bergh test was direct, prompt; in- 
direct 60 mg. On X-ray study a dilated stomach and duodenal cap were seen. 
Following barium injection there was 60 per cent retention, and vomiting be- 
came markedly aggravated. 

The patient was operated upon a week after admission. A mass was found in 
the region of the head of the pancreas. A posterior gastrojejunostomy and 
cholescystotomy were performed for duodenal obstruction, believed to be due 
to a duodenal carcinoma. Death occurred 2 days later as the result of toxemia 
and bronchopneumonia. 

Postmortem Examination 

At autopsy tbe liver weighed 1890 gm. It was markedly jaun- 
diced and very soft, making the normal markings indistinct. The 
gall-bladder was normal but contained a rubber tube drain sutured 
in the fundus. The common duct was markedly dilated and ob- 
structed in its lower third (Fig. i). Dissection of this obstructed 
portion of the duct disclosed a patent lumen with a few small nodules 
in the mucosa measuring about 2 mm. in diameter. This part of 
the common duct was firmly adherent to the adjacent portion of 
the duodenum and was surrounded by dense fibrous tissue. The 
duodenal wall at this point was firm and presented a hard ring 



3i6 


DAimiNSKI 


around the entire circumference. The bowel proximal to this ring 
was greatly dilated and distal to it was collapsed. On opening the 
duodenum a circular area of induration about 5 cm. in diameter v.-as 
present 2 cm. above the major duodenal papilla. The induration 
extended through the wall of the bowel, produdng a marked thick- 
ening and forming a ring, as mentioned above. The extraduodenal 
portion of the common bile duct was involved in tliis mural thick- 
ening and became obstructed by it. No evidence of metastasis or 
glandular involvement was found. 

The head of the pancreas was normal and vdthout evidence of 
involvement. 

Other important findings at autopsy were a well developed 
bronchopneumonia and complete transposition of the colon. 

The most important microscopic findings were a bronchopneu- 
monia and a low grade adenocarcinoma in the area of induration in 
the duodenum. The entire wall of the duodenum in the region of 
induration w^as invaded by large, irregular, w’ell developed glandular 
acini composed of tall columnar epithelium. The wall of the com- 
mon duct was invaded by similar glandular structures. Consider- 
able fibrous tissue was present, intermingled with the carcinomatous 
growth (Fig. 2). 

SUSBIARY 

Statistics shovdng the frequency of duodenal carcinoma arc 
presented, together with salient factors that arc nccc.ssary when 
one attempts to differentiate neoplasms of the suprapapiliary, 
peripapillary, and infrapapillary areas of the small bowel. 

A case report is also given in which a low grade adenocarcinoma 
of the duodenum was found 2 cm. above the major duodenal papilla. 
The clinical signs and sjmiptoms simulated those of carcinoma of 
the head of the pancreas and carcinoma arising in the major duo- 
denal papilla. 
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Fig. I. Photograph of the gross specimen dissected along the course of the 
common duct to determine the point of obstruction, 

A, represents the dilated common duct. 

jB, shows the point of constriction of the duct at which obstruction 
occurred. The constriction was due to the carcinoma encircling the duct. 

C, at this point can be seen the marked thickening of the duodenal 
wall produced by the carcinoma and fibrous tissue, as seen in Fig. 2. 

Fig. 2. Photomicrograph of a section taken at point C in Fig. r. In it can be 
seen differentiated acini of columnar epithelium lying in a loose fibrous 
stroma. Similar acini were found throughout the entire thickness of the 
bowel. It represents a low grade adenocarcinoma. 






ADDENDA TO A THEORY OF PIGMENTED MOLES 
George F. Laedlaw, M.D., and Margaret R. Murray, Ph.D. 


Miescher’s Paper 

After our paper on the theory of pigmented moles ^ had been sent 
to press Professor Masson, visiting this laboratory, called our at- 
tention to the confirmation of his observations by Miescher ^ in a 
recent volume of Jadassohn’s great Handbuch. Miescher’s paper 
is imdoubtedly the best written and best illustrated discussion of 
pigmented moles that has appeared in recent years. Like Masson, 
Stout, Ewing and Foot, Miescher finds neural plexuses and groups 
of tactile corpuscles in many pigmented moles and he justly insists 
that in order to demonstrate these structures the moles must be 
properly fixed and stained. He annoimces a more detailed study 
of the neural structures in pigmented moles by Miescher and von 
Albertini, to appear in Virchows Archiv, 1933 (not yet published). 

From Miescher’s paper we select this significant paragraph: “In 
their structure and in the relation of the different tissue elements 
to one another, pigmented moles differ so absolutely from aU known 
microscopic pictures that it is difficult to imderstand their nature 
and to comprehend their significance.” (See page 1015.) 

It is true that if we restrict our studies, as Miescher has done and 
as every other histologist has done, to mammahan skin, the struc- 
ture of a pigmented mole is absolutely incomprehensible. But if we 
look at sections of amphibian or reptilian skin we shall see each 
puzzling feature of the human pigmented mole fall naturally into 
place as part of a normally functioning amphibian or reptilian 
tactile terminal. 

Referring to our own paper, compare the impression produced by 
our Figures i to 5, the neural structures in hmnan pigmented moles, 
with Figures 7 and 8, sections through normal reptilian tactile spots. 
In Figures i to 5 the groups of innervated tactile cells in the derma, 
the intermingling columns of schwann cells, the threadlike terminal 
nerves running in all directions, the irregular accumulation of pig- 
ment, — all this in human skin is, as Miescher says, a meaningless 
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jumble. In the reptilian skin of Figures 7 and 8 the intermingling 
of exactly these same structures constitutes a well ordered and 
highly efficient tactile terminal. 

A Chronological Parallel 

In connecting the ontogeny of the pigmented mole wth that of 
the hair follicle we explain the hitherto puzzling phenomenon of 
hereditary and “congenital” pigmented moles appearing at intervals 
during the entire life of the individual. The periodical eruption of 
pigmented moles parallels the periodic outbursts of new hair foUides. 
It is well known that pigmented moles appear most abundantly at 
birth or shortly thereafter, next at puberty, and then in diminish- 
ing numbers scattered through later years. This is precisely the 
sequence of activity in the extension of hair follicles over new areas. 
Obviously the factors, probably of hormonal nature, which induce 
the formation of new groups of hair follicles (mammalian tactile 
organs') operate at the same time on those aberrant groups of cells 
that already have been determined for the formation of the reptilian 
type of tactile organ — the pigmented mole. 

In accord with this observation are data from expcrimcnlal em- 
bryology which show that the time order of the events of segrega- 
tion, t.c., determination of ultimate potencies of cell groups, is quite 
independent of the actual organogenesis, which often occurs mucli 
later and whose time of incidence is dependent upon numerous fac- 
tors operating in the developing and functioning organism. 

In addition to the chronological parallel between hair follicle and 
mole there is another, that of pigment formation. Of all derivative.^ 
of the epidermal ectoderm, normal or pathological, the hair matrix 
and the pigmented mole alone exhibit regularly and prominently 
the melanogcnic properties of the surface epithelium. 
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THE EFFECT OF SINGLE AND MULTIPLE DOSES OF THE 

PARATHYROID HORMONE ON THE CALCIFICATION OF 
THE DENTIN OF THE RAT INCISOR* 

I. ScHOtTR, D.D.S., Ph.D., W. R. Tweedy, Ph.D., and F. A. McJunkin, M.D. 

{From lltc Department of Histology, University of Illinois College of Dentistry, 
and the Departments of Biochemistry and Pathology, Loyola University 
School of Medicine, Chicago, III.) 

Introduction 

The specific effect of the parathyroid hormone on calcium metab- 
olism has, with few exceptions, been generally accepted. The den- 
tin of the rat incisor has been found to be extremely sensitive to 
changes in calcium metabohsm. Erdheim,^ in his parathyroid auto- 
transplant experiments on rats, demonstrated a calcium-free stripe of 
dentin that corresponded in position and width with the time and 
duration of the interval that elapsed between the removal of the 
parathyroid and the “taking” of the transplant. Schour and Ham ^ 
studied the effect of single doses of ergosterol and parathyroid 
hormone on the dentin of the rat incisor. They were able to corre- 
late definite histological reactions with the blood calcium findings 
and, particularly, with the periods of rise and fall of the blood cal- 
cium. It was, therefore, found advisable to investigate further the 
effect of single and multiple injections of varying doses of parathy- 
roid hormone on the calcified tissues of the rat incisor, particularly 
the dentin, and to correlate these effects with the blood calciiun 
changes and the alterations in other tissues in the body which have 
been fuUy described in a previous report.^ 

* The preparation of a portion of the hormone used in this report was aided by a 
grant from the committee on scientific research of the American Medical Association. 

Received for publication November 23, 1933. 
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** = this animal received 17 to 23 units for the first 3 days, the following period from 23 to 46 units, and finally 24 hours before 
being killed 75 units. A total of 450 units was given. The animal was very sick the day following the last injection. 

1 The following bracket figures represent the numbers of the animals and their table in the preceding report 301 (i, T. 3), 302 (2, T. 3), 306 (3, T. 3), 316 (5, T. 3), 
317 (4» T. 3), 318 (6, T. 3), 320 (7, T. 3), 322 (i, T. 2), 324 (2, T. 2), 326 (3, T. 2), 327 (4» T. 2), 331 ($, T. 2), 332 (6, T. 2), 333 (7, T. 2), 334 (8, T. 2), 336 (g, T. 2), 
337 (10, T. 2), 338 (ii, T. 2), 370 (12, T. 2), 371 (13, T. 2), 374 (iQ, T. 3), 380 (20, T. 3), 
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IMethod and IMaterial 

This study is based on the same material that Mcjunkin, Tweedy and 
Breuhaus^ used in their investigation of the effects of the parathyroid hormone 
on the parathyroids and on the tissues of the rat. 

The series consisted of 29 rats weighing from 80 to 147 gm. The doses of 
parathyroid hormone varied from i to 15 in number, and from 10 to 150 units in 
quantity. In animals that were given repeated doses the interval between the 
injections varied from 24 to 72 hours (Table I). The animals were l:illcd usually 
ig hours after the last injection. Seven controls from the same colony and 
within the same age limits as the experimental animals were studied histologi- 
cally. In addition the histological data of the dental tissues of 104 normal rats 
used in other studies conducted by the senior author were available. 

Histological Methods: The heads of the animals were fi.xcd in 10 per cent 
formalin immediately after death. A midsagittal section of each head was made 
to facilitate X-raying. The teeth and their investing tissues were then dissected 
further in order to facilitate fixation and histological preparation. The tissues 
were washed, decalcifed in 5 per cent nitric acid, treated witli sodium sulphate, 
v.'ashed, dehydrated and embedded in celloidin. The sections were cut and 
mounted in serial order and stained with hematoxylin and eosin. A small per- 
centage of the sections was also stained with iron hemato-x>’lin and Mallory's 
connective tissue stain. Midsagittal and transverse sections were prepared in 
each case. In a number of animals ground sections of the hard tissues alone, and 
ground sections of both the hard and soft tissues, stained wdth hematox>’lin and 
eosin or with alizarin, were also prepared. 

Chanical Methods: Before the animals were killed blood was draivm by cardiac 
puncture and the calcium analysis made, in most instances, on a r cc. .sample of 
serum. The Kramer-Tisdall method, as modified by Tweedy and Koch, was 
employed. 

The blood scrum calcium of 7 rats picked at random from the same colony 
and on the same stock diet ranged from 10.62 to 11.60 mg. per cent. The diet 
consisted of fox chow (commercial preparation) supplemented by lettuce, chccjc 
and lean meat. 

The hormone preparation designed “L” in the tables is parathormone (Kli 
Lilly and Company). The preparation not so designated was prepared l>y the 
method of one of us ('f weedy *) and standardized by Collip and Clark s proa:- 
durc.^ The acid alcohol inactivated hormone preparation is described by 
Tweedy and Torigoc'^ in a separate publication. 


Hlstophvsiology of Dentin or Normal Rat Incij^or 

Dentin, like bone, consists of an organic matrix substance v.'hkb 
becomes calcified. It is appo.sed at the pulpal surface in the form o 
layers, which in the adult rat grow forwarri at the same rate as that 
of eruption. 'I'he position and width of a givem layer indicate' t a 
time it was formed and its duration. 

'rhe dentin matrix is calcified in the form of globules that ao, 
normally .small and numerou.s and so dose together that there rc'U 
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a uniformly calcified tissue. But even in the normal dentin the suc- 
cessive layers of dentin are not equally well calcified. Well calcified 
layers alternate more or less regularly and rhythmically with imper- 
fectly calcified layers, so that there arises a stratification in the den- 
tin, especially toward the incisal edge (Schour ^). There is a distinct 
smooth boundary between the matrix that was laid down last, called 
predentin, and the calcified dentin matrix (Fig. i). 

The staining reaction of dentin to hematoxylin and eosin is a de- 
pendable, although not a perfect, indicator for its state of calcifica- 
tion (Schour and Ham ®) . The dentin that takes on the hematoxylin 
homogeneously has been generally and, in the authors’ opinion, cor- 
rectly accepted as being well calcified. The dentin that does not take 
the hematoxylin stain has been generally regarded as uncalcified 
dentin and has been named predentin. The latter, as a rule, takes 
the eosin stain but, frequently enough as careful observation reveals, 
this layer is found to be entirely or in part devoid of the eosin stain 
also. There are, therefore, on the basis of the hematoxylin-eosin re- 
action, two types of predentin which, for convenience, will be named 
early and late predentin. 

The early predentin is found next to the pulp and appears first. It 
reacts neither to the eosin nor to the hematoxylin stain and although 
it already contains dentinal tubules it reminds one of the membrana 
preformativa (Raschkow) of the dental papilla found in the tooth 
germ stage which just precedes the formation of the hard tissues. It 
is pale gray with the iron hematoxylin and pale blue with the Mal- 
lory connective tissue stain. 

The late predentin takes the eosin stain. It is dark gray with the 
iron hematoxylin and dark blue with the MaUory connective tissue 
stain. 

In given fields either stage may be absent. When both are present 
the late predentin is often found to intervene in the form of a narrow 
ribbon-like eosin stripe between the early stage and the calcified den- 
tin. When only one stage is present it occupies the entire space be- 
tween the pulp and the calcified dentin and the boundary between 
the latter and the particular stage is smooth and linear. 

The specific staining of the dentin matrix of the rat incisor for 
nrgyrophil and coUagenous fibers (Orban will show whether the 
early predentin represents a precollagenous matrix and the late pre- 
dentin a collagenous one or not. 
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It is possible that the eosin-staining dentin is not calcium-free as 
has been generally supposed, but represents a preparatory' stage of 
calcification. ViTiether the different staining reactions of the so- 
called predentin and the calcified dentin lie in a difference in the 
quantity of inorganic salts or in a difference in the combination of 
inorganic salts is not knovm. 


Histopathological Findings 


A few of the representative experimental animals will be described 
in detail. 


Effect of Single Doses 


The rats that w’ere killed 24 hours after a single injection of 50, 
75, or 100 units of parathyroid hormone, respectively, show an al- 
teration in the calcification of the dentin formed during the e.xperi- 
mental period (Table I). This disturbance is confined to the preden- 
tin layer which is slightly wider than normal (20 to 25 /x) and wiiich 
consists of an eosin-staining portion that borders smoothly against 
the hemato.xylin-staining dentin of the preoperative period, but 
irregularly against the portion that is adjacent to the pulp and that 
stains with neither hematoxydin nor cosin. This disturbance becomes 
aggravated with the increase in the number of units. 

Figure 2, taken from Rat 317, which was given 75 units of para- 
thyroid hormone, show's the eosin-staining predentin which is irreg- 
ular w'herc it faces the early or non-cosin-staining predentin, 'Jhc 
latter, in addition, is not homogeneous but contains isolated eosin- 
staining globules. 

Figure 3, tal:cn from Rat 31S, which w'as given 100 units, shows 
a more aggravated disturbance. 'The non-staining predentin is 
sprinldcd with a greater number and a .smaller size of eosin--staining 
globules. In addition, the dentin that "was laid dow'n just previous 
to the time of the injections takes a deep hematoxylin stain and is 


preceded by a lighter eosin-staining stripe. 

Figure 5, taken from rat 374, which wms given one dose of J50 
units of parathy'roid hormone, show.s in the dentin that was fomned 
during the 4S hours of the experimental period (about 30 to 35 
first an eosin-.«^taining dentin and then pulpally a deep hematoxylin- 
staining stri}>e. 'JTe latter in some places is replaced and modined 
so that it does not react to hematoxylin or cor-in. On the otle. 
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hand, Rats 376 and 380, which were also given single doses of 140 
and 150 units respectively, showed no histological changes in the 
dentin. 


Effect of Multiple Doses of Parathyroid Hormone 

3 Infections of 25 Units Each {Rats 336, 557 and 338): The dentin 
situated within approximately 30 fi from the pulp takes a deeper 
hematoxylin stain (Fig. 4). There is, labial to this dentin, an indica- 
tion of a lighter eosin stripe. Osteoclasts are seen more readily than 
normal in the labial alveolar bone. 

3 Injections of 50 Units Each {Rats 322, 331 to 334, 3J0 and 3J1): 
The first 3 rats that were given 3 injections of 50 units each show a 
similar and t5^ical reaction. The latter is characterized by an eosin- 
staining layer that corresponds with the dentin formed immediately 
following the first injection and a deep hematoxylin-staining layer 
that corresponds with the dentin laid down during the time of the 
2nd and 3rd injections. 

Some portions of the tooth, particularly the midregion in longi- 
tudinal sections and the lateral surfaces in transverse sections, show 
a disturbance and deviation from the typical reaction in respect to 
the staining reaction of the dentin hypercalcified during the period 
comprising the last 2 injections. In these regions the deep hema- 
toxyhn reaction may be absent entirely or in part, so that the cor- 
responding dentin stains only with eosin or stains neither with eosin 
nor hematoxyhn. The dentin formed within 24 hours of the time of 
death shows an eosin or non-staining reaction. The entire dentin 
involved extends from 35 to 46 fi. 

In Rat 331, in which the experiment extended over a 10 day 
period, the reaction is similar but is found to be extended over a 
wider portion of the dentin and is less disturbed than in rats in which 
the same number of injections followed in closer succession. The 
boundary between the pulp and the predentin is wavy toward the 
anterior end of the pulp and the stratification is similar to that shown 
in Figure 9. Rats 370 and 371, which were injected with the inacti- 
vated parathyroid hormone preparation, showed a normal histologi- 
cal picture. 

4 Injections of from 15 to 50 Units Each {Rats 301 to 303 and 324): 
Rat 301 will be taken as a representative of this group and the find- 
ings will be described in greater detail. 
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The enamel surface shows a region of severe enamel hypoplasia 
(Fig. 6). The latter is situated at approximately 1.6 mm. from Hcrt- 
vdg’s sheath. The dentin next to this enamel defect is taking the 
eosin stain and marks the beginning of a stripe that can be traced to- 
w'ard the incisal edge (Fig. 6). The disturbance in the calcification of 
this stripe is least prominent in the posterior region (Fig. 7). Over 
the middle portion of the tooth this eosin stripe is 15 /z in width and 
is followed pulpally by a voder stripe of dentin, which stains deeply 
with hematoxylin (Fig. 8). In this figure the width of the dentin 
from the outer end of the eosin stripe to the pulp is 90 /z. This por- 
tion of the dentin represents the amount laid dowm during the dura- 
tion of the experiment and approximates the width of dentin that 
would be laid down in a period of 6 days in a normal animal of 
similar age. 

Thus the dentin laid down immediately following the first injec- 
tion is poorly calcified and remains in this state. The dentin laid 
dowTi sub.sequently is overcalcified and continues to be so through- 
out the remainder of the experimental period, except for the appar- 
ently normal predentin next to the pulp. The overcaldfied stripe 
shows some variations. It sometimes takes a pale blue color next to 
the eosin stripe. In the posterior portion of the tootli its ovcrcalcifi- 
cation is less intense (Fig. 7) than in the middle portion (Fig. 8). In 
the more anterior region it shows prominent stratification, and in 


addition vascularization (Fig, g). 

Rats 302 and 303 show similar pictures, except that the change.-^ 
involve a smaller area of dentin (Fig. 12), since the e.xperimcnts 
lasted only 5 days and the pattern of the reaction is severely dis- 
turbed in the midregion of the tooth. Figure 12 which is taken from 
the midregion shows a stripe that is quite pale blue in color. Rat 
324, which had 4 injections, also showed a reaction that for the most 
part was similar to that observed in Rat 301. \'ascu!ar and cellu ar 
inclusions in the dentin are prominent (Fig. is)- ^ ^ 

Multiple Injections of Parathyroid llornionc Greater than 5 in 
her (Rats joy to joS, j2j, J26 and 327): Rat 323 shows change^ sinn 
lar to those of Rat 301. In addition, vascular and cellular inc 
in the dentin are more prominent. There is also prominent 
ment of the blood vessels in the pulp. The dentin in the 
a reaction in the form of a persisting eo.sin stripe which J 

a deeper hemalo.xylin-staining dentin band and i:.red<mtin tfig. i 4 . - 
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Rats 326 and 327, which were given 12 daily injections of 10 units, 
each show a normal histological picture. The stratification in the 
dentin is readily observed in the dentin nearer to the pulp but is 
within the range of normal variation. 

Rat 307, which was also given 12 daily injections but of higher 
unitage (alternately 18 and 36 units), shows prominent and abnor- 
mal stratification like that seen in Figure 13, depicting the effect in 
Rat 306. The dentin shows vascularization in some places. Rat 308 
shows some stratification which is irregular but, as a whole, normal. 

Rat 306 shows prominent, irregular stratification consisting of 
eosin and hematoxylin-staining stripes with pale blue-staining bands 
interspersed. The area of stratification is 290 ju in width and approxi- 
mates the amount of dentin that would be laid down in a normal 
animal of similar age in a period corresponding with the duration of 
the experiment (18 days). The dentin laid down previous to this 
width is normal (Fig. 13). There is severe enamel hypoplasia. The 
alveolar bone shows a predominance of osteoclasts and a fibrous 
change in the bone marrow (Fig. ii). Compare with Figure 10 
which is taken from a corresponding section of control Rat 309. The 
dentin in the molars also shows an abnormal picture similar to that 
shown in Figure 14. Rat 307 shows a similar but less intense reaction 
than is seen in Rat 306. 

The findings in the ground sections confirm those in the decalcified 
preparations. 

Discussion 

Effect of Single Injections: The layer of the predentin that is 
ready to be calcified at the time of the injection responds immedi- 
ately to the experimental condition. For convenience this portion 
of the dentin will be called the primary hypocalcified stripe. It is 
characterized by its failure to stain with hematoxyhn and by its 
reaction with eosin either in a homogeneous manner or, in the case 
of higher dosage (75 to 100 units), in the form of globules (Figs. 2 
and 3) . It is commonly accepted that an irregular boundary be- 
tween calcified dentin and predentin in the form of globular pro- 
jections is an indication of disturbed calcification. In the experi- 
mental condition of single high doses, also, we have a corresponding 
disturbance in the form of an irregular boimdary, only the latter is 
situated between the late and early predentin. Apparently we are 



330 


SCHOUR, TWEEDY, AND McJUNKTN 


dealing with a disturbance and retardation of the normal progressive 
transformation of early predentin into late predentin, and of the 
latter into the fully calcified dentin. 

The findings in Rat 374, which was given an injection of 150 units 
and which was allowed to live 48 hours (Fig. 5), show that the pri- 
mary injection stripe, which on the basis of its position belonged to 
approximately the first 24 postinjection hours, remained more or less 
unchanged. However, the dentin that corresponded to appro.xi- 
mately the second 24 hour postinjection period, and which may be 
called the secondarj’’ hypercalcified stripe, showed a tendency to 
overcalcification. In this case of a single high dose the effect appears 
to be similar to that observed by Schour and Ham - in single 40 unit 
injections, but accelerated and more irregular. \Vliile they found 
overcalcification only during the approximately second 50 hour 
postinjection period, in Rat 374 this condition appeared during the 
second 24 hour postinjection period and showed in parts defective 
calcification as well. The dentin, thus, acted as if, following the high 
dose of 150 units, the blood calcium curve both reached its peak and 
declined twice as fast as was the case with the dosage of 40 units. 

The left kidney was removed 48 hours before death from Rais 
374 j 376 ^nd 380 for microscopic examination. The absence of re- 
sponse in the dentin in Rats 376 and 380 may be accounted for on 
the basis of differences in the degree of shock produced by tlie opera- 
tive procedure. 

EJfccls of j Injcclious: The reaction varies with the dosage and the 
duration of the e.xperiment. The sequence of events in the rats that 
received 25 unit doses (Fig. 4) is similar to that seen following 50 
unit doses, except that following the higher doses the overoilcifira- 
tion of the secondar}' stripe is somew’hat irregular and lack.s uni- 
formity, and the primary stripe associated with the first effect of the 
first injection is more prominent. 

Rat 331, in which the 50 unit injections were .spread over a longer 
period of time (10 days), showed a reaction that %vas less intcn.sc than 
that of the animals of shorter experimental life and which, of cour.-;'.-, 
extended over a wide width of dentin corre.sj)onding to the amount 


laid down in 10 days, ^ ^ 

The ab-sence of reaction in the rats that were given the inactivatj o 
parathyroid hormone preparation gives conclusive proof that t it 
c.ffects observ'cd were due to the parathyroid hormone and imt to 
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any foreign protein impurities. Further evidence was obtained from 
2 rats that were given 2 injections of kidney substance and that 
showed a normal picture in their dentin. An extensive series of rats 
which were treated with other tissue extracts showed no reaction 
in the dentin (Schour . 

Effect of Multiple Injections {More than 5): The reaction follows 
the general pattern observed in the experiments with fewer mjec- 
tions, but shows more severe disturbances in the calcification of the 
dentin formed toward the latter part of the experiment. These al- 
terations consist of vascular and cellular inclusions, irregular outline 
of the pulpal surface, and greater prominence in the interspersion of 
stripes which appear to have remained in the early predentin stage 
(Fig. 15). 

Enamel Hypoplasia: The fact that in 5 rats enamel hypoplasia is 
found at the level where the primary injection stripe begins shows 
that the enamel defect started at the time of the first injection (Fig. 
6). Apparently at that time the disturbances in calcium metabolism 
were so severe and intense that both enamel and dentin suffered an 
acute injury. The fact that the enamel hypoplasia began at the time 
of the first injection is confirmed in some rats by the measurement 
of the distance between the enamel hypoplasia and the Hertwig’s 
sheath. The distance corresponds closely with the extent of the 
eruption of the teeth during the experimental period. With the ex- 
ception of Rat 301, each rat that showed enamel hypoplasia also 
showed an abnormal increase in the number of osteoclasts. Since the 
enamel hypoplasia began as a rule at the time of the first injection 
and in no apparent correlation with the amount of the dosage, it is 
possible that the susceptibihty of the individual rats played an im- 
portant role in the reaction of the enamel and the enamel epithehmn. 
The absence of enamel hypoplasia in the rats that were given single 
doses of large imitage may be explained on the basis of their brief 
postinjection fife (19 to 48 hours) . It is possible that these injections 
produced in the ganoblasts an immediate injury which, however, 
cannot be recognized histologically until the cells reach a more highly 
differentiated and functional state. 

Summary of Dentin Reaction: In spite of considerable individual 
variations in respect to the intensity of the reaction the principal 
changes are similar. The dentin is disturbed in respect to the quan- 
tity and rhythm of calcification. Our present histological methods 
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are inadequate to point out to what extent the quality of calcification 
may be disturbed as well. 

The extent and type of the disturbance varies not only with the 
amount and frequency of the injections, the duration of the experi- 
ment, the time interval between successive injections and between 
the last injection and the death of the animal, and to a limited extent 
with the individual animals, but also with the relative chronological 
position of the dentin in respect to the time of the injections. In 
practically all cases the dentin of the postinjection period shows: 
(a) the primary stripe which is characterized by incomplete and de- 
ficient calcification and which in its position corresponds witli the 
time immediately following the first injection (see all figures except 
lo and 1 1) ; and (b) the secondary stripe which is characterized by 
overcalcification and which corresponds in its position with tlie time 
subsequent to approximately the first 24 hour postinjection period 
(Figs. 5, 8 and 12), (Table I). 

The findings in the “multiple injections” experiments show that 
the calcification of late predentin is more or less permanently dis- 
turbed, so that the primary injection stripe is constant and docs not 
disappear. 

The secondary stripe varies in width wdth the duration of the ex- 
periment, and in its pattern wth the number and unitage of the 
doses. In the rats that were killed within 24 hours after a single in- 
jection the secondary stripe is naturally absent (Figs. 2 and 3), 
(Table I). 

The primar}’' stripe may be regarded as an immediate acute re- 
action to the first injection. The secondary hypcrcalcificd stripe 
may be regarded as a chronic reaction and indicative of an effort at 
healing. 

Both stripes vaiy, within limits, in their width and staining reac- 
tion with their position in respect to the anteroposterior extent of the 
tooth and in respect to their distance from the pulp. -Any given rear- 
tion is found to be as a rule most prominent in the midjwrtion of the 
incisor and least prominent in the more posterior portion, anfi a]>' 
pears to be reduced with the incrctising distance from the pulp. 
The histological study was centered on the calcincaliori of dentin. 
'Jlie fKJSsiblc changes in the odontoblasts have not been studied. 

Theories or. the Mechanism oj Parathyroid Ilonncrne Action: lh». 
mechanism by which there results a mobilizatioti of calcium in th*. 
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blood following the administration of parathyroid hormone into a 
reactive animal has not been estabhshed. Three theories, however, 
are prominently in the foreground of the controversial hterature on 
this subject. Briefly stated they are as follows, (i) The administra- 
tion of parathyroid hormone makes the blood plasma a better sol- 
vent for the calcium compounds of the blood or other tissues. For 
example, Greenwald was the first to suggest that there circulates 
in the plasma a substance “x,” which is identical with parathyroid 
hormone, or is formed under its influence, and which unites with cal- 
cium ions to form an undissociated compound, thus reducing the 
concentration of calcium ions in the plasma and permitting the 
Hberation of more calcium ions from bone. It is evident that this 
theory depends upon the conception that the plasma behaves as if in 
equihbrium with tricalcium phosphate. (2) The parathyroid hor- 
mone lowers the renal threshold for the inorganic phosphate, so that 
plasma phosphate decreases and the plasma calcium is enabled to 
rise. This view has been put forward by Albright and co-workers.^^ 
The basic idea of this theory is that the plasma inorganic phosphate 
and calcium bear a reciprocal relation to one another, and behave as 
if in equihbrium with tricalcium phosphate. (3) The parathyroid 
hormone directly stimulates the ceUular elements in the bone to in- 
creased osteoblastic or osteoclastic activity. This view has been ad- 
vanced by Selye.^^ 

Space does not permit a critical discussion of the controversial 
hterature dealing with these theories. The senior author and his 
associate in a recent paper ® have discussed their reasons for behov- 
ing that the experimental findings on which the last theory is based 
have been incorrectly interpreted. We also feel that the destructive 
critical evidence advanced by Thomson and Pugsley casts grave 
doubts on the validity of the second theory. Whfle we are not pre- 
pared to accept the first theory we feel that the experimental findings 
in this work fit in best with the conception that the parathyroid 
hormone controls a definite fraction of the plasma calcium. 

Possible Basis for the Dental Changes in Experimental Eyper- 
parathyroidism: We believe that, fimdamentaUy, the pattern in the 
dentin represents its response to the changes in the calcimn and 
phosphorous metabolism induced by the injections of the para- 
thyroid hormone. 

The fact that in single administrations of ergosterol and para- 
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thyroid hormone there were found, depending on the duration of ex- 
periments, both primary and secondar}* injection stripes, and the 
fact that these stripes were associated with a rise and fall of the blood 
calcium respectively, (Schour and Ham ") suggest a similar associa- 
tion in the experiments of this report. It is therefore possible that in 
each case there is at first a more or less sharp rise in blood calcium 
which results in the primary hypocalcified stripe, and subsequently a 
decline w'hich results in the secondary hypercalcified stripe. It is 
also possible on the basis of Pugsley’s work^^ that vltli 25 units of 
injections per day an increased excretion of calcium rather than a 
rise in blood calcium may be responsible for the presence of the 
primary h3rpocalcified stripe. 

The association of a primary h 3 q 30 calcified dentin stripe with 
hj-percalcemia and of a secondary hypercalcified stripe with the re- 
turn to a normal blood calcium value may be e.xplained tentatively 
on the theory discussed in greater detail by Schour and Ham ® that 
the parath}T:oid hormone controls a fraction of the serum calcium. 
Thus, an injection of the hormone results first in a shift of calcium 
from the tissues to the blood, possibly, to the fraction of the serum 
calcium controlled b}’’ the hormone either by calcium withdrawal or 
by the attraction of the calcium that is normally available for calcifi- 
cation, or both. With our present state of knowledge we are not in a 
position to state whether the h>q)ocalcified condition of the primary 
dentin stripe w'as due to a calcium withdrawal or due to the fact that 
an insufficient amount of calcium was available when it was being 


calcified. 

When the effect of the parathyroid hormone has passed the cal- 
cium that was held in solution under its influence is liberated and 
there results, therefore, a shift of calcium from the blood back to the 
tissues. Thus in the dentin that is being calcified at this time we find 
the secondary hypercalcified stripe, because a greater than normal 
amount of calcium is now available. It is akso possible, according to 
Sdiour and Ham,’’ that the liberation of calcium from the blood 
might introduce more calcium into simple solution than could be 


retained without precipitation. 

If in case of “multiple injection” experiment.s the injcclion.‘> v.cn 
made at intervals sufficiently far apart .so that the .successive 
ministrations were made only after the effect of the preceoing Oxit ► 
had worn off, then we would have simply a series of of p^imar) 
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and secondary stripes, the number of pairs corresponding with the 
number of injections. We have a suggestion of such a reaction in 
Rat 306 (Fig, 13). 

In the experiments in which the multiple injections were in daily 
succession only the primary stripe associated with the first injection 
remains relatively unchanged, while the rest of the stripes overlap 
and fuse into an extended secondary stripe which represents the 
summation of the effects of the successive injections (Figs. 6 and 8). 
It is likely that the blood calcium curve in such animals would show 


A B c £> £: 
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Text-Figure i 

Diagram showing the histological effects of parathyroid hormone injections on the 
dentin. The horizontal sections represent the portions of dentin laid down in 
successive days, i~6. The vertical columns, A-E, represent sections of dentin 
belonging to animals A-E respectively. 

subsequent to the early rise a decline that was retarded by a plateau. 
In some of the experiments of multiple injections the histological 
findings suggest the presence of interruptions of the fall of blood 
calcium in the form of secondary rises associated with the repeated 
injections. 

Text-figure i illustrates in diagrammatic form the histological 
effect of parathyroid hormone injections on the dentin. The findings 
in this report and that of Schour and Ham ^ indicate that if Rat A 
were given a single injection of parathyroid hormone at the begin- 
ning of the first day. Stripe i would be poorly calcified and Stripe 2 
overcalcified, as indicated by column A, and shown in Text-figure i ; 
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similarly, if Rats B, C and D were given single doses on the second, 
third and fourth day respectively, the effects would be those indi- 
cated in columns B, C and D. It is obvious that if the above 4 injec- 
tions were given on successive days to i Rat E instead of singly to 4, 
the effect would be that indicated in column E. The latter corre- 
sponds closely to the pattern seen in Figure 8 taken from a rat that 
was given 4 successive daily injections. 

Blood Calcium Findings: Our blood calcium findings are of limited 
value because they indicate the condition immediately preceding 
death and therefore reveal only one point in the blood calcium curve 
of the experimental period. However, a comparison of the findings 
of animals that w’ere ^ven single injections and killed 19 hours later 
shows that the blood calcium rose in 4 of the 5 animals (Table I). 
Similarly a group of animals that were given 3 successive daily in- 
jections of 50 irnits each showed a prominent rise in blood calcium 19 
hours after the last injection, while another animal with the same 
number and dose of injections, but distributed over a period of 
10 da3's, indicated a return to normal at the time immediately 
before death. 

Dentin Reaction hi- the M olar: The dentin in the molars appears to 
be normal in the majority of the experimental animals. In a few in- 
stances, however, the findings reveal an interesting picture. I'igurc 
14 shows a prominent eosin-staining stripe, which is followed by a 
well calcified stripe that is next to an abnormally vridc predentin 
border. The width of the region involved is approximately one- 
fourth that of the dentin region found to be disturbed in the incisor. 
If the molar dentin grew' one-fourth the rate of the incisor dentin, 
one could assume that fundamentally the dentin reacts similarly in 
the incisor and molar. If the molar dentin grew much slower than 


one-fourth the rate of the incisor dentin one could assume the 
bility of calcium withdrawal. The final explanation of the molar 
finding.? awaits furtlier investigation, 

Alveolar Bone in the Rat Incisor: Among the si rat.s that iiad or 


more injection.? 14 showed an abnormally increased number of osteo- 
cla.«ts. The 7 rats that .showed a normal alveolar bone include ? th.it 
were given inactivated lionnone and 2 that were given repeated 
dose.? of 10 units each. In 3 of the rats the alveolar bone fhov..- 
typical picture of osteitis fibrosa, in respect to the predoniiminci »»* 
the osteoclasts and the fibrou.s change ifi the Ixjne marrow' (l ig- t * 0 
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This is not at all surprising since the alveolar bone is highly active, 
especially at the age of the experimental animals. At this time the 
curvature of the incisor becomes flattened and the alveolar bone un- 
dergoes considerable adjustment to this change in contour. Bones 
that are most active have been found to be most susceptible to char- 
acteristic changes of experimental hyperparathyroidism (Jaffe 
Differences in the Reaction of Dentin and Alveolar Bone to Experi- 
mental Hyperparathyroidism: Dentin records delicate changes that 
are not recognizable in bone and tolerates insults in calcium me- 
tabolism that produce severe disturbances in bone. Figure 13 shows 
the dentin disturbance in Rat 306 which was given 14 injections of 
parathyroid hormone. Each injection is recorded. The last 3 in- 
jections, which were given 48 hours apart, produced wider secondary 
hypercalcified stripes than did the earlier injections given 24 hours 
apart. But on the whole, the dentin is well calcified in spite of the 
disturbance in rhythm and is capable of normal function. On the 
other hand, the alveolar bone changes in the same rat, shown in 
Figure ii, are much more severe. The osteoblasts are replaced by 
osteoclasts. The bone is resorbed and liable to fracture. The bone 
marrow is fibrous. It appears that, in confirmation of Erdheim’s 
calcioprotective law,^^ dentin possesses a greater tolerance against 
calcification disturbance than does bone. 

On first glance there is an apparent contradiction between the high 
sensitivity and the high tolerance of dentin to changes in calcium 
metabolism. However, a consideration of the histophysiological proc- 
esses of dentin formation and calcification shows that a given layer 
of dentin is found to be adjacent to a very rich blood supply only 
temporarily when it is being laid down in its organic form and when 
it is in the process of becoming calcified. At this stage it is very sensi- 
tive to changes in calcium metabolism. As new layers of dentin are 
laid down and the tooth is erupting forward a given calcified layer 
moves farther away from the blood supply and in its entirely avas- 
cular condition becomes less sensitive and more tolerant to dis- 
turbances in calcium metabolism. Moreover, the normal and slow 
process of secondary calcification may result in a recovery and im- 
proved calcification of a former primary hypocalcified stripe, seen in 
Figure 7. 

The alveolar bone, on the other hand, while it is, as a rule, at no 
time exposed to as rich a blood supply as is found adjacent to the 
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newly formed dentin, is constantly penetrated by blood vessels and 
is in close proximity to them. It is, therefore, always exposed to 
changes in calcium metabolism disturbances. These considerations 
apply in a similar manner to other bones as w’ell as to alveolar bone. 

Variations in Calcification within the Same Incisor: The varia- 
tions in calcification seen within the same tooth at various levels 
(Figs. 6, 7, 8 and g) may be in part explained by corresponding varia- 
tions in the proximity of blood supply at various levels of the tooth. 

The blood supply of the pulp is richest in the posterior region and 
very poor in the anterior region. As a given stripe of dentin moves 
forward its posterior portion lies within the vicinity of a rich blood 
supply for a longer period than its anterior portion and is, therefore, 
subject to secondary calcification for a longer time. The anterior 
portion lies at the very outset vrithin the vicinity of a poorer blood 
supply and moves farther away from it with the eruption of the 
tooth. Thus, the primary undercalcificd stripe loses its prominence 
in its posterior portion (Fig. 7), and similar to the fate of the trans- 
plantation stripe of Erdheim ^ often shows greatest disturbance in 
the anterior zone (Fig. 9), There are, however, prominent variations 
seen within limited regions of the tooth w^hich cannot be explained 
solely on the basis of blood supply. It seems that in the pathological 
disturbances induced in the e.xperiments of this investigation the 
tj'pical response itself suffers aberrations for reasons not yet known. 

Sensitivity of Dentin: The dentin reaction in the guinea pig incisor 
has been employed successfully as an indicator for vitamin C de- 
ficiency. The delicacy of the dentin reaction to the various e,\'peri- 
mental conditions described in this report suggests the feasibility of 
using the dentin of the rat incisor as an indicator for a biological 
assay of the parathyroid hormone. The present common method of 
standardization of the parathyroid hormone by means of the blood 
calcium reaction in the dog is laborious and expensive. 'I he author.i 
believe that a simplified method v.'ould facilitate research on the 
parathyroid hormone. It is likely that further cxpcrirncnt.ition 
will obviate the necessity of histological preparation and evolve a 
.simple method of preparing ground sections of the rat incisor which 
can be stained with alizarin or Vr'hich am be obtained from rats 
given alizarin intravitally. 
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Summary and Conclusions 

The effect of single and multiple injections of parathyroid hormone 
on the incisor of the white rat has been studied in 29 animals and 7 
controls in respect to microscopic alterations and blood calcium 
changes. 

The histological findings are: (1) enamel hypoplasia formation be- 
gins immediately after the time of the first injection in 5 animals; 
(2) the alveolar bone shows an abnormal increase in osteoclasts in 14 
and a fibrous change of the bone marrow in 3 of the rats that were 
given 3 or more injections of parathyroid hormone; and (3) the prin- 
cipal changes are found in the calcification of the dentin. The experi- 
mental animals show a primary hypocalcified stripe in the dentin 
that was being calcified during the immediate effect of the first in- 
jection and a secondary hypercalcified stripe in the dentin that was 
being calcified subsequently. The extent of and the variations 
within the secondary stripe vary with the number and unitage of the 
hormone preparations injected, and also with the duration of the 
experiment. 

It is believed that the experimental pattern in the dentin repre- 
sents its response to the changes in the calcium and phosphorous 
metabolism induced by the injections of the parathyroid hormone. 
The dentin reaction can be explained best by the theory that the 
parathyroid hormone controls a fraction of the serum calcium. 

Note: We wish to thank Eli Lilly and Company for the para- 
thormone used in these studies, and Swift and Company for their 
cooperation. We also wish to thank Miss F. Schwab and Mr. H. C. 
Breuhaus for their assistance in the preparation of the material. 
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DESCRIPTION OF PLATES 


Plate 89 

Fig. I. Photomicrograph of longitudinal section of midregion of upper incisor 
of a normal rat. Note the predentin layer, P, which stains neither with 
hematoxylin nor eosin. The eosin-staining late predentin is absent. D = 
normal calcified dentin; OD = odontoblasts, x 455. 

Fig. 2. Photomicrograph of longitudinal section of mid region of upper incisor 
of Rat 317, which received one injection of 75 units of parathyroid hormone 
and was killed 19 hours later. Note the irregular boundary between the 
early, E, and late predentin, L, and the scattered eosin-staining globules 
in the early predentin. The secondary hypercalcified stripe is absent be- 
cause the animal was killed too soon. D = dentin which is normal and 
which was calcified before the experiment began; OD = odontoblasts. 
X 427- 

Fig. 3. Photomicrograph of longitudinal section of midregion of upper incisor 
of Rat 318 which received i injection of 100 units of parathyroid hormone. 
Note the poor, incomplete transition of early, E, into late predentin, L, and 
the scattered eosin-staining globules, GL, in the early predentin. Note the 
absence of the secondary hypercalcified stripe. OD = odontoblasts. 
X 427- 

Fig. 4. Photomicrograph of transverse section of lower incisor of Rat 337, 
which was given 3 injections of 25 units each of parathyroid hormone. 
Both the primary hypocalcified stripe, PR, and the secondary h3^ercalci- 
fied, SE, are not prominent. The total width of both stripes corresponds 
with the amount of dentin that is laid down during the time of the duration 
of the experiment. Compare the staining reaction of the dentin formed 
before, D, and after the injections, PR and SE. OD = odontoblasts; 
PU = pulp. X 101.5. 

Fig. 5. Photomicrograph of longitudinal section of midregion of upper incisor 
of Rat 374, which was given i injection of 150 units of parath3rroid hormone 
and was allowed to live 48 hours. ■ Note the primary hypocalcified, PR, and 
the secondary hypercalcified, SE; stripes. D = dentin calcified before the 
experiment began; OD = odontoblasts, x 210. 

Fig. ,6. Photomicrograph of longitudinal section of posterior and midregion of 
upper incisor of Rat 301, which was given 4 injections of parathyroid hor- 
mone and was allowed to live 3 days after the last injection. Note the 
enamel hypoplasia, “x,” at point where the primary hypocalcified stripe, 
PR, begins. Note the deep stain of the secondary hypercalcified stripe, SE. 
D = normal calcified dentin; EP = enamel epithelium; ES = enamel 
space; OD = odontoblasts; OE = organic enamel matrix; PU = pulp. 
X 2.24. , 

Fig. 7. Photomicrograph of area indicated in Fig. 6 and magnified. Note the 
partial obliteration of the primary hypocalcified stripe, PR, and compare 
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“ ith the «imc stripe in F}|r. S. D norma! calrihed dentin; OD odonto- 
blasts; OB organic enamel; P = predentin; PU “ palp; SE secondary 
h>'perca!cif:efi stripe, x 210. 

Fsc. S. Photomicrograph of area indicated in Fig. 6 and magnified- Note Ujc 
prominent primary hjTvacalcificd, PR, and sccondaiy’ hypcrcalrified, SK, 
strJjK::- in the dentin. Note the dentin, D, that svas calcified Ijcfore the c.t- 
rseTiment {jcgan. The vddth of the dentin (qo /j) laid do'svn during theesperi- 
mcnl approximates the amount of dentin that svouM be laid down normally 
in 6 days, the duration of the experiment. OD odontoblasts; P » pre- 
dentin. X 210. 

Fia, 0. Pr-otomicrogmph of region near the anterior end of the pulp of upper 
inci'or of Rat 301, n-hidi vras given 4 injections of p-araihyroid hormone. 
Note the p.rim.ary injection stripe, PR, the secondary injection .stripe, f>B, 
v-hich is interrupted bs* an cosin.staining stripe and severely dislurlx^l in 
its fKirtion tov-Mrd the pulp, as cvidcnccti by the predentin, P, v.'hich is ab- 
normal in sridth, irregular in its couiT'e and contains vasailar inclusions. 
Cc-mficrc svith Figs. 6. 7 .and S taken from thesarnc histological preparation. 
I) norms! calcified dentin; OD odontoblasts; PU n- pulp, x no. 
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v: section near the Hnpual alveolar crest of uj?|>er 
f,.f contr» 'I Rat 30 ^), Xutc the rich ntunlnT of oMeobh^ts, OH, lininr. 
Wr.iv nrirro-.«, HM. Compare vjth Fie* it. X tof. 5 . 
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r ot IC'ct vhirh was i^Jven 4 injeclions of parathyroid! hornu/ne a;ni 
ilVvA ivi after the hist hijeition. Note the primary, FK, zx\d 

: a-ri. Siy ir^^fertam stripes, D dentin uhirh b normal and vhich 
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r,%a i.i of parvithvrohl h^^rinone, Xote tln^ ^IratitEcatnnn S \\ 
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MICROGLIA-LIKE CELLS AND THEIR REACTION FOLLOWING 
INJURY TO THE LIVER, SPLEEN AND KIDNEY* 

Henry S. Dtinning, M.D., and Lewis Stevenson, M.D. 

{From the DepartmetU of Pathology, Cornell University Medical College, and the 
New York Hospital, New York City) 

Certain cells in the nervous system which had hitherto been 
difficult to stain were included by Cajal ^ in 1913 under the term 
“third element” of the central nervous system, and were suspected 
by him to be of mesodermal origin. Somewhat later del Eio-Hor- 
tega was able to show that this “third element” consisted of two 
entirely different kinds of cells: one kind was the oligodendroglia 
of ectodermal origin; and the other kind he called microglia, the 
latter, in his opinion, being of mesodermal origin. The central nerv- 
ous system was made up, therefore, of neurones (the first element), 
neuroglia consisting of astrocytes and oligodendroglia (the second 
element), and microglia (the third element). Del Eio-Hortega’s 
papers describing the microglia were published between 1919 and 
1921. Today del Rio-Hortega ® believes, along with others, that the 
microglia represents the reticulo-endothelial system in the central 
nervous system. 

In 1921 del Rio-Hortega and Jimenez de Asua^ demonstrated 
phagocytic cells in tumors, tubercles, liver lesions, normal human 
kidney, and in lymph follicles stained by silver carbonate. In this 
paper the authors drew attention to their belief that phagocytosis 
in the nervous system is the function of the microglia and that the 
studies of del Rio-Hortega on the microglia constitute a concrete ex- 
ample of the general problem of the histogenesis of the macrophages. 

In 1927 Jimenez de Asua,* using silver carbonate, demonstrated 
macrophages in a normal spleen and in tumors, and stated that in 
morphology, staining properties and in function they resemble the 
microglia of the nervous system and, finally, that microglia cells 
are members of the reticulo-endothelial system. 

Cone,® in 1928, using del Rio-Hortega’s method for microglia, 
illustrated a phagocyte with a close resemblance to transitional 
microglia in a degenerating area of a hypernephroma. 

* Received for publication March i, 1934. 
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Dorothy Ru??cll in 1929 demonstrated intravital staining of 
microglia with tjyi^an blue and concluded that such intravital stain- 
ing identifies microglia vith the rest of the rcticulo-cndothelial 
system and that microglia is a mesodermal clement. 

Wells and Carmichael in 1950 made a study of microglia by 
means of tissue culture and vital staining and concluded that micro- 
glia is of mesodermal origin and is analogous to the resting histlo- 
cy tes or fixc-vd macrophages of the reticulo-endothclial system, 'rhey 
alsf) fourul microglia-like cells in cultures from cmbr\'onic chick 
periosteum and liinb-bud and found that these cells reacted to vital 
dyes :rt vilro in the same manner as wandering cells. 

X'isintini in 1031 demonstrated microglia-like cells in the heart, 
voiuntarj." muscle and urinar)- bladder by the method of Bolsi. 

Bcleaky •- in 1931, using silver carbonate, dcmon.strated cells in 
th.e spleen which he regarded ns reticulo-cndotliclial cells. These 
in our opinion, resemble microglia cells, 
d he microglia cells appear in the ncreou.s system at about the 
{irne of birth, 'rhey migrate to all parts of the brain and spinal cord 
anti rern.ain there inactive until the advent of .some disease. When 


trii? fuxur.s the first pathological change that can be noticed in ccr- 
Inin types 0 } lesions is the sudden and tremendous activity of the 
tni- rtinlia. 'i’ht.y multiply, migrate in great msmber.s to the damage<l 
.'ife.a and fK-cftrne phagocytic, devouring the broken-down nervous 
ii - and utlser <iehrj.s and apparently removing it to the nearest 
p-; riva.'cnlar rpares, '.vhere they appear in the form of large, roundeil, 
tj'tr.psiu'.d granular corpuscle.^ loaded with fat (GtltcrceHrn). d'hu*- 
th'-y eit.ir th.v way for tlie .astrocytes to lay flown a scar in place o! 
tO'"' fi--- 1 fiivcd te-'U**, 

A ■ m.-ktr pfe.-.'UimenfUi might occur in other tis.stiey- of the lx>dy. 
’A its; *1..:-, ;’.v» ‘bhity in mind e.xjH riroent.'^ voae p^-rformed on mb- 
r:f . <!■.; 1 tf'.i I fortegcih- original silver carlKinate niet);'.»d o; 

"p-"- ‘‘ .■■tam-sr-.g m:cr<5gna in ths- livt-r, siifeen and kidney .after 

o five !r ion in the-.e orgats-’. 

o-ft Itr;?! hrni!'''pi:''re, tiu' livrr ;ua! fh-" 
r..hha tnredt f-.y a ho? tro-:h,'tr, rihvt ane-.t I;'--'.:.; 

-o? i!;'' .rd;-,’,,. ! }j** iinim.il V( a’Adli*'d amt t O'’ hrr.in, 

in t’r.trd**. f-orrno'.br/.umd*” r-'hUfwu j>>r 
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1 f-'.- 



MICROGLIA-LIKE CELLS 


345 


del Rio-Hortega’s original silver carbonate method for microglia. 
In Figure i the area of brain destroyed by the hot trochar is sur- 
rounded by great numbers of microglia cells, forming a dark ring 
about the necrotic area. Figure 2 is a high power view of a portion 
of this ring. The microglia cells can be seen in different stages of 
metamorphosis from the almost normal cell with its spiked processes 
to the completely formed compound granular corpuscle loaded with 
fat. Figure 3 is a low power photomicrograph of a portion of the 
lesion in the liver. The margin of the necrotic area is marked by a 
dark ring of cells which in the high power view (Fig. 4) closely re- 
semble the transitional microglia of the brain. These cells contain 
droplets of fat. Cells of the same character are present at the mar- 
gin of the puncture wound of the spleen. The stages in the transfor- 
mation of a ceU with spiked processes into a swollen, rounded form 
are illustrated in Figures 5 to 10 by camera lucida drawings of six 
cells found at the margin of the necrotic area in the same spleen. 
All of the cells except the first contain droplets of fat, which appear 
black in the picture. We wish to draw attention to the close resem- 
blance of the cells in this figure to the microglia cells illustrated in 
Plate 91 of Dorothy Russell’s article, referred to above. 

Using the same technique as in the first experiment a kidney 
of a rabbit was punctured by a hot trochar. The animal was killed 
at the end of 4 days and the injured organ was fixed in formol- 
bromide. Sections of the lesion were cut and stained in the same 
manner as were the brain, fiver and spleen. Figure 14 is a high 
power view of fat-containing microglia-like cells in the process of 
swelling at the margin of the damaged area in the kidney. Some of 
these cells are elongated and have small spikes, very much like the 
microglia cells in a paretic brain (the “rod-cells” or Sidhchenzellen 
of general paralysis). 

A few hours before a puncture wound of the spleen was made 
10 cc. of a I per cent aqueous solution of trypan blue were injected 
into an ear vein of a rabbit. The animal was allowed to five 4 days, 
and during this period 35 cc. of the same solution of trypan blue were 
injected intraperitoneaUy. The spleen was fixed and sections of the 
lesion were cut and stained as before, with the exception that the 
silver impregnation was not toned in gold chloride because it tended 
to change the blue dye to purple. Figure ii is a low power view of 
the damaged area outlined by a well marked dark ring of cells. 
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In the high power \ncw of a portion of the ring (Fig. 12) many 
swollen cells, which closely resemble pathological microglia, can he 
seen, and all of the cells in this picture contain tiy'pan blue in granu- 
lar form. Figure 15 is a high power photomicrograph of a group of 
cells in a splenic nodule at some distance from the lesion. These 
cells closely resemble slightly swollen microglia, and small spike- 
like projections on their main processes can be seen, a feature char- 
acteristic of the microglia of the nereous system. Trjpan blue could 
not be demonstratcrl in tliis group of cells. By staining two con- 
secutive sections of the block, one T^dth silver carbonate and the other 
with hematoxylin and cosin, the opposite halves of the same cells 
impregnated v.dth silver were colored by the organic dyes. Stained 
by the more familiar method the cells pictured in Figure 1 2 have the 
following characteristics. Compared with the nucleus of the lymphn- 
cylc the nucleus of the argxTophilic cell is larger, less deeply stained 
Ijy hemato-vylin, and varies in shape, tending to he rounded, oval 
<ir kidney-shaped. It contains a nucleolus and a unifonn distribu- 
tion of fine granules of chromatin. 'ITe dear c\’toplnsm is pale pink, 
almost colorless, and contains large and small granuhs of trypan 
blue, masses of amber blood pigment and an occasional engulfed 
lymphocyte. 'I'hc shaj>e of the cell i.s as varied as the .shape of the 
r.ufb'us and it.s prors-sses, which are so clearly impregnated with 
?dver, cannot he distinguished in the .section stained vrith hema- 
toxylin and eosin. 
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This cell is typical of many others found at the periphery of the 
nodules and these imdoubtedly are the source of such cells as those 
demonstrated in Figures 5 to 10, ii and 12. Figures 17 and 18 are 
high power photomicrographs of microglia-like cells in a normal 
kidney of a rabbit. Spike-like projections on their processes are well 
shown. Many similar cells were found scattered between the 
tubules throughout the kidney and they are undoubtedly the rest- 
ing or early transitional forms of the cells demonstrated in Figure 14. 
In the normal organs that were studied all of the microglia-like cells 
were somewhat swollen, as if they were constantly being stimulated 
to activity. 

Summary 

1. Cells have been demonstrated by del Rio-Hortega’s original 
silver carbonate method of specific staining for microglia in the liver, 
spleen and kidney of the rabbit that in morphology are identical 
with the nearly normal or very early transitional forms of microglia 
in the nervous system. 

2. In their reaction to injury and to the intravital injection of 
trypan blue they have been shown to be identical with microglia. 

3. These cells have been demonstrated in a transitional stage 
with spiked processes like microglia and containing droplets of fat or 
granules of trypan blue. 

4. By the silver carbonate method of staining earlier transitional 
forms have been demonstrated that contain no visible amounts of 
fat or trypan blue. 

5. A more advanced transitional form has been shown in prepara- 
tions of the spleen of the rabbit to be a histiocyte or large mononu- 
clear phagocyte without processes and containing droplets of fat, 
granules of trypan blue, blood pigment and engulfed lymphocytes. 
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f 5 :c. Camera lucida <ira\vinj:> of six cen> found at ihe nutrmn of a nc<To^ 
i:i :itc:. by a hot tnK'bar in the spleen of a raldut, illuslratin^ 

thr *' U\ t]*e tranvfnrfn:U}r>n of a :nirro;:!i:i-!ihc cell v/ilh spihia! pro<T-><N 
a larae r>.m.n<icd, form. Note the apparenl transit ir>n of thr pri>cc-^K-> 
Int^' fuoH:cnMn> rcscntbh'n^ p5eudop<Hiia. All of the ce!!- cMcpt 

th.c :\r-* contain dn^plcrs tjf fat. whicli npjnrar black in the picture, Silver 
caci-arau* fur microelia uiih Stnian IIK x o?o. 
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n, A nrcr.>tjc Ict^ion uuilinrd by a dark rin^ t>f rr!I> produrc<i by a \mx 
tfiH'har in the spleen of a rabbit injected intravitally with trypan bine, 
Intravitrd ?r}*pan bhicand silver carbonate ftain for mirroidia. x 

I O'j. t A h]p\ |vAver vievr of ceils at the nuirj^in of the Ic.sion in 1 1 in tfur 
area oCitHned in bbrk, (iranulcs of trypan Idue arc present in fniCTu;dia< 
Vuj: cel:-' wiifi spiked pweshcs and in the larger nninded forms. Intrav iia! 
tryjwn blue and silver airbonatc stain for micro>:lia. x 

r*;., : (‘•‘lb rc-crnbline sb^lufy swollen rnicrupHa in a sjdcnic nodule at a 

frujn the loion in the spleen }>irltirc<l In Idp n. Note tfie r»n- 
n;rrr:;< spikc'^ on their njain processes. Trypan blue co.uld not be dennno 
In thiA ^:rou{) of cells. Infravital trypan h\nc and silver earbon.ite 
for nnero^rHa. x 

f'y. ^ * A hb‘h p',eer vi(n\ »d fat contafninf: rnicroxUadike rclN in ihv kafe.ry 
' * a rd>!ot vatlicri^d at t{:e of a necrotic IcMun produccf! 1>> a liof 

?r> *:Lar Noti* t’fu- ehaveated forms w ith s}>ikes resernblirat the cr!b in 
: ;or? to Irrain *^‘:lver carh*n»;,‘te **t:iin for rnkT»/;!lia. y 
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Ti*.. f5. A tl*!! in the liver »>f a normal rabbit resembling a nearly nnrmal 
\i:ry early tran^ilinnal nneruprlia celh Note the manra'r in v.hich its three 
:nM:rt thern-eivc- bclv/een the liver eelb. Silver earbunnte stain 
f'T rr.h y. 

I n- yo, A cell riyernblina^ a sliirhtly >vvM!!en rnicru^rlia iell at the islge nf a, 
'«y;r:v‘e irt tlie sjMcen fif a normal rabliit. Silver earb^ioate -tain tnr 

ryu'ro^'li.y y 

i : . i:. A i :U resemciiini: a!i early tran-itiona! micrt>clia ec!l lu the ki'Iney ttf 
ra.b!iit. SHver (arbonate stain for microglia, x 

I ' ' \ru:!ir>r irU in the kidney pictured jrt Idtr, t; reMymldiny a rn-arly 
r; any ! ot very early traroitionaj mirroylia cell. Note tlu’ sptLrs on 0-- 
!\ ;:n pr^y r*-- and its posittfuj !)etv een the kidney tubide-. Silver rarbon.vte 
'tan. ?tv^;ro'dia. y ty^o. 
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POLYARTERITIS NODOSA* 


Robert B. Haining, M.D., L.R.C.P. and S. (Edin.), and 
Theodore S. Ejmball, M.D. 

{From the Department of Pathology, Los Angeles County Hospital, and the Division 
of Medicine, College of Medical Evangelists, Los Angeles, California) 

Nomenclature 

In 1865 Kussmaul and Maier ^ described an arteritis character- 
ized by the formation of multiple circumscribed nodulations in the 
small* arteries of various parts of the body. They named it periar- 
teritis nodosa, a term that implies iirflanunatory changes in and 
aroimd the adventitia of arteries with the production of nodules, 
and one that was intended as a precis of the morphological peculiari- 
ties of the condition. We now know that the inflammation is by no 
means confined to the adventitia, that the primary changes are 
probably in the media, and that the disease usually affects a large 
number of vessels. In recognition of these facts Dickson ^ suggested 
the name polyarteritis nodosa, which is a more accurate epitome of 
what we know of the condition, and which seems to us preferable to 
the older term. 

Incidence 

Approximately 150 cases of polyarteritis nodosa have been re- 
ported, less than 20 of them in the American hterature (although 
in this coimtry a number of excellent summaries have appeared, 
notably those of Ophuls, ^ and Lamb^). The greater number of 
routine autopsies in European chnics partly explains the relative 
infrequency with which the disease is recognized in this country, for 
ante mortem diagnosis is made in not more than 20 per cent of cases. 
However, the lesion is rare even when histological studies are made 
in a large series of autopsies. In 2035 autopsies at the Peter Bent 
Brigham Hospital Bennett and Levine ® found only 2 cases. At the 
Los Angeles Coimty Hospital, during the past 15 years (1918- 
1933)? there have been 10,000 autopsies, only i of which showed 
the classical pathological findings of polyarteritis nodosa. 

* Received for publication October 17, 1933. 
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It 15 conceivable, of course, that there may be a mild or early form 
of the disease in which the arterial changes arc so slight as to csaipc 
detection in the routine microscopic study of autopsy sections. 
Clinically there can be no doubt that many cases have been 
completely unsuspected or misinterpreted, for polyarteritis nodosa 
habitually masquerades as one of the commoner infectious diseases. 
It is generally believed to be almost uniformly fatal, usually in the 
course of a few weeks, but the high mortality and the low incidence 
may !x>th be explained partly by the fact that with few exceptions 
only the fatal cases have been recognized. .Some authors believe 
that the total number of recorded instances grossly underestimates 
th.e actual frequency of the malady, and that many mild cases have 
undergone sjxmtaneous recovery. 


Etiology 


Of the many propounded theories of etiolog>' none has been gen- 
erally .accepted. For some time there vras a tendency to regard the 
disease .as a scirt of alicrrant manife.station of syphilis or .some other 
-'^y.stemic infection, 'i'he prc.sent tendcnca* is to regard {xdyartcriti-s 
nodnsa as a disease in its own right, quite indejxrndent of any un- 
derlyir;g condition, anrl incrimination of syphilis seems utterly 
v. j t ilo u t fo u n da t ion , 

d he febrile course and oilier outstanding symjitoms are those 
Cc-aanv'.nly a'-'soclated vrith sepsis and there is every reason to sus- 
p'v* .a:; irifectiou:; origin, 'rhe sm.all blood vessels in Other infec- 
tsar-,''., s'.tch as tlie cerebral vesscK in iniluenza and the skin capil- 
laras in epidemic meningitis, may show cornjKirablc lesions, atid 
!b"nr:"tj nnd Levine ^ refer fo the similarily betweeii the patlsologi- 
•*;d t;r!'hr:,g''- ir,- le'ilyartrritis nodoi-.a nnrl tho'*e of Ko-rky Mounl.ain 
•■■■>» iftr-,! fevr-r .and ty|)!iu’- fever, .as disrti‘ve<l by Wolljarh,^ and 
V. r>nr| iVdfrey/* 

A"vnn:r:g '•■'.e are flealing vrith an infectious d.V'f-a 'S, v.t stdt 
n;;v» ti, d<-,-rhL r.}::*thr'r there i? a ‘iH'rjfif: infective agent, or v.heih.'-r 
a vr-rbry .'‘a-e.ai-, n^ay parKltg-e th>' same -.trikir.g vmo-ular fd:*-- 
r-'fV-'-rr; g‘r,re< * *v»‘ mreider jyilyarterjti'i a <b'f: 

rr.>: reet'rf*; j-..~ th.i; p, p j-erriy op.t' of the forms tb.at may h^* 
i.'.Wr, liv a <]•■).*' to a vc.rietv cd Irdectioa’. Cifutxr 
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stant characteristic reactive process of the arterial system in the 
manner of an hyperergic phenomenon during the course of very 
different infectious-toxic diseases. This is hypothesis!” However, 
when we contrast the enormous number of infections with the rarity 
of the histological phenomena seen in polyarteritis nodosa, it is diffi- 
cult to beHeve that the vessels are capable of such a constant 
specific response to non-specific excitants. 

Evidence is accumulating in favor of the specific infectious na- 
ture of the disease. Harris and Friedrichs, ^ though their experi- 
ments have not been widely accepted, believe they have produced 
the disease in animals. Other workers have observed in the lower 
animals (deer, caff, pig, dog) lesions almost identical with those we 
see in man. Altogether, the probabilities are that this peculiar and 
unmistakable lesion is induced by a specific infectious agent, prob- 
ably a filterable virus with a predilection for the arterial system. 

Classification 

Obviously there can be no etiological classification. Histologically 
the lesions are readily grouped according to the stage of advance- 
ment of the inflammatory process. Clinically the victim’s progress 
will depend upon the anatomical locations of the lesion and the 
severity of the arterial damage in these locations, so that we may 
attempt to divide polyarteritis nodosa into different types, accord- 
ing to predominant s3miptoms or the rapidity of its course. Some- 
times the most battle-scarred areas may be mirrored in the clinical 
picture, but often the autopsy findings are the only reliable evidence 
upon which we may say that the disease is renal, cardiac, cerebral, 
abdominal, dermatological or neuromuscular in type. 

Pathology 

The affected vessels may often be recognized in the gross by the 
multiple small (peas-in-a-pod) nodules scattered along their course. 
These nodules may be inflammatory foci or actual aneurysms. Mi- 
croscopically the periarterial connective tissue, the adventitia and 
the media show dense cellular infiltration consisting largely of poly- 
morphonuclear leukocytes, and the media often shows extensive 
necrosis which may give rise to aneurysms. The intima shares the 
inflammatory process and, if the endothelimn and internal elastic 



iUINING AXt) KIAinALL 




lamina arc destroyed, thrombosis results. Vascular occlusion with 
consequent infarction of tlie organs supplied by the aflcctcd vessels 
is the pathological key to the sudden critical clinical symptoms that 
may .appear in the course of the disease. These vaiy' according to the 
location and size of the occluded vessels. 

The selection of the media rather than the adventitia as the pri- 
mary site of attack (contrary* to earlier conceptions) was demon- 
.straU'd by Fishlierg in a patient who suffered from an acute fonn 
of the dise.ase and died in a few days. The vessels aficcted are tlic 
small or medium sized muscular type arteries, while the elastic t\*jre 
escape. Arkin ** says that the organs most frequently involved arc 
the kidneys (So per cent), heart (70 per cent), liver (65 per cent), 
ga'^tro-inteslinal tract (50 per cent), pancreas (25 per cent), mesen- 
tenc artery (30 per cent), muscles (30 per cent), and peripheral 
nerves ho per cent), 'I'he central nervous system is attacked in 
K per cent of the cases. The disease may confine itself to one organ 
for considerable periods of lime, and involvement of other organs is 
irregular and wliolly unpredictable. Sometimes the characteristic 
nodules appear in the skin, and a diagnosis is then readily made by 
exci-'on of one of these lesions. 

In his illuminating analysis of the pathological finding.s .Arkin 
r'lvid';- the disease into four stages; (i) the alterative-degenerative 
or le.gdnning stage; (2) the acute exud.ative inflammatory' .stage; 

( ;) the granulation tissue .stage; and (.;) the liealed enfl-stage, or 
r'-ar tissue stage. Of course, these stages are no more sharply 
'■epurahle tl'.an thfv-.c of any other innarnrnatory {ifocess. 'fhey 
may merge mul vary enormourdy in each individurd raee, and some- 
may telecrop*' it!tr» one sliort fulmin.ating IkiuI in viurh all 
the,- •eem {o occur almost simuitaneonslv with terrifying 
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longed. Arkin’s case of histologically healed polyarteritis nodosa 
lived 4 years after his single attack of acute iUness. 

Evidences of sepsis are the rule — fever, high leukocytosis (and in 
our case eosinophilia), anemia, prostration and sometimes splenic 
tumor. Concomitant with these there are other more variable signs 
and symptoms that reflect the hidden vascular insults. The cardiac 
type behaves like a case of coronary sclerosis and there is apt to be 
an anginoid syndrome with manifestations of myocardial insuffi- 
ciency. When the kidney is chiefly involved the course is often 
indistinguishable from essential hypertension with nephrosclerosis. 
There may be hypertension, visual disturbances and renal insuffi- 
ciency, and if infarction occurs there is likely to be sudden hematuria. 
When the mesenteric vessels are occluded the symptoms may simu- 
late those of an acute abdominal condition, and difierential diagnosis 
is extremely difficult when the surgeon is confronted with a patient 
who has abdominal pain, fever, leukocytosis, nausea and vomiting. 
Neuromuscular s 3 anptoms of pain and tenderness along the periph- 
eral nerves and in the muscles occur to some degree in most forms 
of the disease. It has been supposed that the neuritis was always 
secondary to changes in the arteries accompanying the nerves, but 
Carr’s case^® seems to confirm the work of other investigators 
(e.g., Wohlwill,^®) who believe that there maybe severe parenchymal 
nerve degeneration with or without arterial damage. Fletcher,^^ 
Dickson, 2 and Bennett and Levine ® reported cases of the cerebral 
type of polyarteritis nodosa, and Bennett and Levine’s second pa- 
tient developed a meningitis, during the active stage of which there 
was an increased number of polymorphonuclear leukocytes in the 
cerebrospinal fluid, though no organisms could be detected. 

Difperential Diagnoses 

Small wonder that with such bizarre manifestations polyarteritis 
nodosa with monotonous regularity should pass wholly unsuspected 
(in about 88 per cent of cases probably) before autopsy. In our 
case, as in many others, even autopsy failed to reveal the condition 
until tissue sections were seen under the microscope. 

During life the disease is usually mistaken for neuritis, myositis, 
trichinosis, vascular nephritis, t3p)hoid fever, miliary tuberculosis, 
gastro-enteritis, pyemia, purpura hemorrhagica, hemorrhagic ne- 
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phritis, endocarditis, or acute abdominal conditions. It would be 
academic to point out features that might distinguish jx)lyartcrilis 
nodosa from cadi of these conditions. Indeed, it is seldom neces- 
sary* or possible to make a careful differentiation. The diagnosis is 
usuaJly unprovable but tlie possibility of a common vascular cause 
should be considered whenever a patient idth sepsis exhibits a wide 
variety of symptoms, not peculiar to a specific disease. A\dicn an 
obscure sepsis cannot be fitted into one of the commoner infectious 
groups, the internist should consider polyarteritis nodosa as a possi- 
ble diagnosis. 

'I’he follovring case is reported because it presents some peculiar 
features of a rare condition. 


Report of Case 

flisl'jry: A rn:ile negro, aged 4 q yc.ars, wa<i admitted to the l/r. 
.tngc'e.> County Hospital Jan. 15, 1032, with a diagnosis of jnduenret. He 
complrdncd of headache, pain in the shoulders and neck, chills, fc%'cr and 
couK'n. Jii5 tf;m|w:rature was lo.*,, pubc; rate 100. 

In chihihoixi the patient had had mc.aslcs, mumps, du'clienjvix and j'lcrtussl’i. 
He rememlvered no other illness until Nov, m, 1031, when he was ill v.itli what 
h.e th'‘"!g'nt was the 'Mlu." He recovered and went to work for a while but in 
Jar.uarv' had .•similar complaints. He denied venereal disease. Hy ocaspation 
f;c ♦.-'.•.Vi a carjftTtter, He hat] never used alcohol or tobacco. His father, r^othe.^ 
b'rother and three .'■istcrs were living and well. 

Hxamiriatiiin reve.alcd .a wdl nourished .and well devdojiod negm with a 
pressure of 135/f/o. There were no significant findings tsacep* several 
f'.ar teeth, tenderness and pain on pressure .alor.'g the courje of the left spinal 
acce. <.,ry nerve, and a temperature that fluctuated Inrlwccn no and joj Ik Hw 
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demess on palpation in both lumbar regions. The next day the patient com- 
plained of sudden, severe abdominal pain for which no cause could be detected. 
On Oct. 3rd he was suddenly stricken with agonizing precordial pain which 
radiated down the left arm. Morphine was administered and the pain was re- 
lieved in about half an hour. The next day there was still residual precordial 
pain, but not nearly so severe as on the previous day. 

Laboratory Findings: Wassermarm negative; urine 30 pus cells per field, few 
casts; basal metabolic rate +6; blood smears negative. 

The blood counts were as follows: 

May 18, 1932, red blood cells 4,250,000, hemoglobin 75 per cent, white blood 
cells 7000, polymorphonuclears 60 per cent, eosinophiles 27 per cent, mononu- 
clears 5 per cent, basophiles 3 per cent. 

July 26, 1932, red blood cells 3,220,000, hemoglobin 47 per cent, white blood 
cells 12,500, polymorphonuclears 64 per cent, eosinophiles 15 per cent, lympho- 
cytes 16 per cent, mononuclears 5 per cent. 

Aug. 23, 1932, white blood cells 16,700, polymorphonuclears 38 per cent, 
eosinophiles 33 per cent, lymphocytes 27 per cent, mononuclears 2 per cent. 

X-ray examination on Aug. 22, 1932 showed no parenchymal pathology in 
either lung. Moderate enlargement of the left ventricle consistent with h5^er- 
tensive heart disease was present. 

On May 24, 1932, kidney, ureters and bladder studies were not significant of 
any renal lesion. 

On Oct. 8, 1932, the patient left the hospital against his physician’s advice. 
At least twelve special consultants had examined him but no satisfactory diag- 
nosis could be agreed upon. Suggestions included coronary sclerosis, subdia- 
phragmatic abscess, echinococcic liver cyst, tuberculosis, coccidioidal granu- 
loma, pyelonephritis, Malta fever. Practically all of these possibilities were ruled 
out conclusively while the patient was hospitalized. 

On Nov. 23, 1932, the patient was readmitted for the third time and was 
brought to the hospital in a comatose condition. He was emaciated, extremely 
dyspneic and his heart tones were barely audible. He died i hour after ad- 
mission. 


Summary of Autopsy 

About the base of the cerebellum and around the brain stem the 
leptomeninges were greatly thickened. The affected area had a 
greenish gray color that gave it the appearance of being an acute 
process superimposed upon a more chronic lesion. The entire area 
was limited to the base of the brain and was thus quite similar to a 
tuberculous meningitis, but careful search revealed no miliary 
tubercles. 

A few pleural adhesions were foimd at the left apex but no tuber- 
culosis was in evidence. There was marked edema of the lungs. 

A recent fibrinous pericarditis involved the entire pericardial sac 
and considerable serosanguinous fluid was present. The heart 
weighed 460 gm., the increase in size being due to left ventricular 
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h>'pcrtrophy. The myocardium was light broiam in color and no 
a,reas of fibrosis were found. The aortic cusp of the mitral valve 
ha.d a soft vegetation 5 mm. in diameter attached to the line of con- 
tact. The coronarv arteries were auite markcdlv sclerotic but not 
occluded. 

A small infarct was found in the spleen. 

l*hc kidneys presented a striking appearance. Each weighed 
epo gm., anfi on section showed a difliLsely granular appearance. 
The capsule was adherent and vriien stripped left a granular surface. 
The cortex vras thicker than usual. 

The adrenals, pancreas, gastro-intestinal tract, bladder and jiros- 
t.ate presented no cxndencc of gross palholog)'. 

A sme.ar taken from the meninges showed numerous pneumococci. 


MicRoscoric Exa!.tinatio.s' 


'i'here is a marked acute purulent meningitis which 
oversvhadov.-s any other patliologiail condition that might be present. 

Th.e pericardia! surface i.s greatly thickened and infiltrated 
with large numbers of ixihanorphonudcar leiikocAies, plasma cells 
and eodnophiics. A small amount of fibrin is present. The small 
branches of tlie coronary arte.rie.s show ?. striking ch.i.uge, 'Fhere is 
< onsifleralde jjeriarlerial cellular infiltration of leukocytes, irulud- 
in-:' eo.dnophilc'-. and plasma cells, which in many inrtanees takes a 
\r .':n1;ar bipolar arrangement seen in the photomicrographs, kiwn 
rnor,.- ■striking is the marked medial and intlmal thickening vrith. 
ahno-t total oedu-ion fjf the vessel lumen, d'he myocardial file-rs 
r.-iv, •••mpfri: irn'iy little evidence of degeneration. 

'{'he s in tlie kidneys', is sirnikir to that in flie 
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Liver: Only a few of the larger arterioles show characteristic 
changes. 

Spleen: A typical anemic infarct is found. There is no evidence 
of polyarteritis. 

Pancreas: In the section studied there is one small artery showing 
changes similar to those noted in the heart and kidney. 

Pathological Diagnosis: From the microscopic examination, 
which, unfortunately, is somewhat incomplete (due to the diagnosis 
not being suspected at autopsy so that only routine tissue blocks 
were saved for microscopic examination), this is a case of polyarte- 
ritis nodosa affecting chiefly the kidneys and the heart. 

Discussion 

In this case our failure to make a correct diagnosis of the con- 
dition present is instructive enough to deserve some emphasis. Here 
was a man dramatically ill over a period of nearly i year, during 
most of this period surrounded with competent medical talent, and 
with all desirable facilities. Yet, as far as we know, polyarteritis 
nodosa was not once mentioned as a possible explanation of his ill- 
ness. Even if it had been considered it is doubtful if the diagnosis 
would have been verified ante mortem, or if the course of the disease 
could have been altered by its recognition. But this does not justify 
our failure to consider the possibility of polyarteritis nodosa. It is 
true that the disease is rare and the clinical symptoms vary, so that 
we cannot expect positive ante mortem diagnoses in a large percent- 
age of cases. However, as we learn more of its behavior we should 
come to include it more frequently in our differential consideration 
of obscure sepses. 

Even at autopsy the condition was not suspected. This was due 
to the fact that in this case only the very small arteries were in- 
volved, so that the characteristic nodulations were not noticeable in 
the gross. Only on microscopic examination of tissue blocks was the 
positive diagnosis revealed. 

Arkin lists the important symptoms observed in his 5 cases as 
accelerated regular pulse in 5 instances, edema of the legs in 5, 
septic type of temperature in 4, pain in the extremities, polyneuritis 
in 4, hematuria in 4, cardiac insufficiency in 3, melena in 3, cerebral 
symptoms in 2, onset with acute angina in 2, abdominal pain in 2, 
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and changes in the fundus oculi in i case. The clinical findings in 
our case correspond quite closely with this h'st, viz., accelerated 
regular pulse, edema of the legs, septic temperature, pain in the 
extremities, an acute anginoid syndrome, abdominal pain, a hemi- 
plegic attack, costovertebral pain and tenderness, secondary type 
of anemia, leukocytosis with eosinophilia, and progressive emacia- 
tion. 

In all probability the hemiplegic attack that occurred in Febru- 
ary, 1932, was due to cerebral arteriopathy, which our histological 
investigations were not thorough enough to discover. Meningitis 
has been observed in polyarteritis nodosa, but in this case the men- 
ingitis was probably a terminal acute pneumocoede invasion entirely 
unrelated to the arteritis. 

The most striking laboratory finding was the eosinophilia noted 
in repeated blood examinations. Eosinophilia, however, has not 
been stressed by other writers and probably is by no means a cri- 
terion of the disease. 

Polyarteritis nodosa is generally regarded as a progressive and 
incurable disease. This view is supported by the rapidly fatal ter- 
mination of most of the reported cases, nearly all of which reveal 
histological evidences of acute inflammation as well as chronic re- 
parative changes. In spite of this dubious prognosis, there can be 
no doubt that occasionally the process comes to a halt. Arkin 
described 1 case of complete histological healing. This patient suf- 
fered only one acute illness and then lived 4 symptom-free years 
before death. 

At present it is impossible to judge if any form of therapy can 
retard the inflammatory changes or assist the healing processes. 
However, Carling and Hicks used arsenical preparations intra- 
venously and observed consequent remission of symptoms, and this 
was strikingly confirmed in a recent report by Schottstaedt.^® 

SUMMAKY AND CONCLUSIONS 

The term “periarteritis nodosa” does not accurately connote the 
morphological realities of the disease as we now know them. Dick- 
son suggested “polyarteritis nodosa” as a name for this condition, 
which seems a more descriptive term, free of misleading implications. 

A specific filterable virus with a selective affinity for the small 
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and medium sized muscular type arteries of the body is probably 
the cause of polyarteritis nodosa. Any organ or combination of 
organs may be affected at any time in the course of the disease, and 
the resulting clinical manifestations may be bizarre in the extreme. 
The visceral arteries are involved more frequently than those of the 
extremities, and the organs most commonly affected are the kidneys, 
heart, gastro-intestinal tract, pancreas, muscles, peripheral nerves, 
liver, spleen, and cerebrum. 

Pathologically the inflammatory changes are not conflned to the 
adventitia and periarterial connective tissue, as originally sup- 
posed. All the vascular coats are eventually involved and the pri- 
mary changes take place in the media. Destruction of the media 
may give rise to aneurysm formation. Involvement of the intima 
with rupture of the elastic membrane may produce thrombosis. 
The process as a rule is progressive and in practically all of the re- 
ported cases there has been evidence of acute inflammatory changes 
superimposed upon the chronic reparative efforts. However, Arkin 
has described i case of histological healing and he believes that in 
rare instances the process may come to a complete standstill. 

Polyarteritis nodosa is seldom diagnosed or even suspected be- 
fore autopsy, and even at autopsy there may be no gross indications 
of its presence. The internist should be familiar with the cardinal 
s3anptoms of the disease and its notoriously capricious behavior. 
Then, when the commoner possibilities have been carefully ruled out 
in a patient with septic manifestations and varied symptomatology, 
polyarteritis nodosa should be given consideration. 

Carling and Hicks, and recently Schottstaedt have reported cases 
in which remission of symptoms seemed to foUow the intravenous 
administration of arsenicals. 
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DESCRIPTION OF PLATES 
Plate 95 

Fig. I. Section from heart showing peculiar bipolar distribution of periarterial 
exudate, x 130. 

Fig. 2. Arteriole of kidney showing intense cellular infiltration with separation 
of muscle layers, x 130. 

Fig. 3. Arteriole of kidney showing marked thickening of the wall and giant 
cell formation, x 130. 
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Plate g6 

Fig. 4. High power view of giant cells seen in Fig. 3. x 250. 

Fig. 5. .Small artery in pancreas showing extreme intimal thickening. 
Fig. 6. Arteriole of liver showing extreme intimal thickening, x 130. 
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HISTOLOGICAL CHANGES IN THE CENTRAL NERVOUS 
SYSTEM FOLLOWING EQUINE ENCEPHALOMYELITIS * 
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the Laboratory of Vetcruiary Science, Berkeley, Calif., and the George Williams 
Hooper Foundation of the University of California, San Francisco, Calif.) 

Review of Literatuee 

Meyer, Haring and Howitt ^ have described an infectious disease 
in horses and mules which they demonstrated to be produced by 
a filterable virus, and which affects the brain and spinal cord of these 
animals. They reported no important gross anatomical lesions, but 
described significant microscopic changes in the brain and cord con- 
sisting of perivascular hemorrhages, infiltration of the sheaths of 
the blood vessels and scattered patches of leukocytic infiltration in 
the gray, and occasionally in the white, matter. 

Haring, Howarth and Meyer ^ have described briefly the symp- 
toms of this disease in horses and mules, which can be attributed 
directly to the microscopic changes in the brain. They stated that 
the malady is apparently identical with the horse disease that at 
different times during the past 6o years has caused heavy losses in 
various parts of the United States, particularly in the' west central 
states, and which has been called Kansas-Nebraska horse plague, 
and also, incorrectly, cerebrospinal meningitis, forage-poisoning and 
botulism. 

In a subsequent paper Meyer, Haring and Howitt ® concluded that 
the disease, as observed in California, differed etiologically from the 
equine encephalitis described by Moussu and Marchand ^ in France, 
and from the well known Borna disease of Germany. According to 
Records,® and Records and Vawter ® the outbreak, which started in 
horses and mules in California in 1930, had spread by 1932 through- 
out most of the western states. Newsome ^ described its occurrence 
in Colorado. In 1932 and again in 1933 Meyer ^ summarized the 
existing knowledge of the disease. 

Howitt has shown that the virus may be recovered during the 
febrile period from various parts of the central nervous system and 

* Received for publication October 23, 1933. 
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from the blood of experimentally infected animals, including the 
horse. 

Records and Vawter have attributed favorable results to the 
use of antiserums in both laboratory and field cases. 

Vawter and Records, Reiser,^* and Giltner and Shahan have 
described various ways of artificially transmitting the disease. 

Recently Syverton, Cox and Olitsky have shown similarities in 
the virus of eqmne encephalomyelitis and vesicular stomatitis, when 
inoculated into monkeys, guinea pigs and mice. They found that 
when such animals succumbed to experimental encephalomyelitis 
or vesicular stomatitis, the gross and microscopic changes in the 
brain were apparently identical and the same type of intranuclear 
inclusion body was formed in the neurones. They state that similar 
tissue changes occurred in the liver and kidney. 

The particle size of encephalomyelitis virus in brain suspensions 
has been estimated at 500/z/i by Krueger, Howitt and Zeilov.^® They 
state that imder like conditions of preparation and filtration it is of 
the same order of magnitude as the causal agent of poliomyelitis 
and apparently ten times the size of the hoof and mouth disease 
particle. 


Material and Methods 

Intensive microscopic study of the brains and spinal cords of eight horses 
affected by the virus of encephalomyelitis, either experimentally or by conta- 
gion, has yielded additional information as to the effects on the nervous system. 
As controls we have studied the brains and cords of three horses that died from 
sepsis with no clinical signs of encephalomyelitis, and the brain and cord of one 
normal horse that was killed by exsanguination. Li addition the brains of two 
guinea pigs injected with filtered virus and killed with chloroform 3 and 4 days 
after successful inoculation were studied by the same methods. Also sections 
from various parts of the brain of a farmhand who died with s3Tnptoms similar 
to those of the equine encephalomyelitis, to which he had been exposed, were 
studied. 

Portions of the brains and spinal cords of the experimental animals were fixed 
immediately after death in 10 per cent formalin, in formol-2^nker solution, or 
in Bouin’s fluid. Material from the field animals was fixed in some cases shortly 
after and in other cases many hours after death, and was less satisfactory for 
histological study. The human brain was obtained at autopsy 12 hours after 
death and fixed in formalin. 

Pieces from various parts of the nervous system were embedded in paraffin 
and sectioned at 5 microns. Sections were stained with Toeffler’s methylene 
blue and basic fuchsin, or by Maximow’s hematoxylin and eosin azur method. 
Prior to staining many of the sections were treated on the slide by imrnersion 
for I to 2 hours in Zenker’s fluid and then washed with tincture of iodine for 
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removal of any precipitate of mercuric chloride. This treatment increased the 
sta inability of the sections, especially of material fixed in formalin. 

Other sections from a number of animals were subjected to tests for various 
pigments, since it was apparent early in the study that diffuse blood pigments in 
the tissues, and other pigments, especially in the large nerve cells of the brain 
stems of many of the horses, led to much confusion. It therefore became neces- 
sary to take into consideration the age of the animals and to test some of the 
material for blood pigments, lipochromes and melanin pigments. The tests ap- 
plied were the alkaline alcohol treatment for blood pigments, the ether and 
chloroform solubility test for lipochromes and lipofuscin, the osmic acid color 
tests for lipochromes, and the osmic acid and silver nitrate tests for melanins. 
The sections subjected to these various procedures were afterward stained lightly 
with hematoxylin and eosm or with safranin. Through the courteous coopera- 
tion of Dr. Gordon H. Scott, of the department of cytology of the Washington 
University Medical School, the method of incineration on the slide was also 
used. 

The tests for lipochromes leave much to be desired, since they could be ap- 
plied only on material already subjected to the action of various fat solvents 
used in preparing paraffin sections. The combined results of the several tests, 
however, are worthy of some consideration and are described later. Lipofuscins 
are usually regarded as resistant to solution with alcohol after fixation other 
than directly with fat solvents. This fact, together with the yellow to yellowish 
green color of many of the inclusion granules, is considered indicative of lipo- 
fuscins. 

Microscopic Examination 

Sections of the brain and spinal cord of horses affected by the 
virus show the perivascular and leukocytic infiltration, in greater 
or less degree, already mentioned (Fig. i). The cell types in the 
perivascular cuffs are l3Tnphocytes, polymorphonuclear leukocytes 
and monocytes. In some of the horses many cells are phagocytic, 
containing numerous granules of brown pigment. Granule-laden 
phagocytes are also present within the blood vessels in a number of 
animals. The perivascular cuffs continue along the blood vessels for 
considerable distances and in some cases can be followed to the brain 
surface. Outside the layer of infiltrated cells there is a clear zone 
of varying width which in part, at least, represents shrinkage of the 
edematous brains, due to treatment with alcohol. The sections from 
most of the animals indicate considerable edema, especially in the 
brain stem and cortex. Diffuse blood pigments are present along the 
course of the blood vessels. These disappear on treatment with 
alkaline alcohol, as do the pigment granules in the phagocytic cells. 
The latter are accordingly also interpreted as blood pigments. 

The control horses, three of which died from sepsis and one of 
which was killed, show no perivascular infiltration of cells. One of 
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the three dying from sepsis was not exsanguinated and shows an 
unusual amount of blood pigment in brain and cord. The two 
guinea pigs show no blood pigment, but both have perivascular in- 
filtration, the one killed 4 days after inoculation in more marked 
degree than the other killed 3 days after being inoculated with vims. 
In the one human brain examined perivascular infiltration is also 
present, but little blood pigment is apparent. This brain was very 
edematous, as judged from the sections. 

Many of the large nerve cells of the brain stem and spinal cord, 
and to a less extent in various parts of the cerebral cortex and 
cerebellum, show cytoplasmic inclusions in much larger numbers 
than in nerve cells of animals dying from other causes, as judged 
from the four control horses examined by us and from the large 
number of horses ran^ng in age from 2| months to 30 years, reported 
by Kikuchi.^^ The inclusions consist of granule-like bodies which 
vary from 0.3 to 0.7 microns in diameter. Most of them are rounded 
but many of the larger ones are somewhat angular in form. In 
staining properties they show a wide range of variation which ap- 
pears to depend in part upon the method of fixation and the state 
of the tissue when placed in fixing fluid. In material fixed in formol- 
Zenker’s fluid immediately after death of the animal the eosin of 
the Maximow stain gives them a deep pink tint. In sections from 
blocks fixed in formalin or in Bouin’s fluid they fail to stain with 
Maximow’s technique unless previously treated on the slide with 
Zenker’s fluid, and then they show much variablity in staining reac- 
tion. Usually, with this treatment, many of the granules take a 
pink tint, but many others remain nearly colorless or yellowish. In 
the same cell frequently are found granules ranging from pale yel- 
low to pink in color. In much of the material yellowish green to 
green granules are present, especially after treatment with Zenker’s 
fluid followed by iodine. This suggested that the granules are re- 
lated to lipochromes and led to further tests for lipochromes and 
other pigments, as described in another part of this report in 
further detail. 

The basic fuchsin stain colors the granules a brick red, irrespective 
of fixation. This stain was useful in locating groups of affected cells 
but was of little value otherwise, as compared with the other meth- 
ods employed. 

The distribution of affected cells in sections of material most 
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favorable for careful microscopic study is somewhat irregular. 
There are considerable areas of apparently normal cells, while at 
the margins of such areas are found groups of nerve cells showing 
inclusions and various stages of cell degeneration. In other sections 
considerable areas of affected cells occur, varying from nearly normal 
ones to cells in the last stages of disintegration. In general, nerve 
cells near blood vessels have progressed farthest in the degenerative 
process, suggesting that the destructive agent is brought by the 
vessels or along their sheaths. 

Phagocytosis of Nerve Cells 

Some of the injured nerve cells show the effects of marked activity 
of phagocytes (Figs. 3 and 7). Such cells are necrotic with shrunken 
eccentric nuclei whose nucleoplasm is basophilic and whose nuclear 
membrane usually has disappeared. The cytoplasm of these cells 
is shrunken and altered and Nissl bodies are markedly chromatolytic 
or absent. Inclusion bodies, however, are usually demonstrable. 
They have the same staining reaction and position as in slightly 
damaged cells. Phagocytes frequently may be seen burrowing into 
the surface of the nerve cells from all sides (Fig. 3) and affecting both 
perikaryon and ceU processes. Extreme cases are encountered where 
only fragments of the nerve cells remain, surrounded by phagocytes. 
No phagocytes have been found deeply embedded within the nerve 
cells, as described by Da Fano and Ingleby (see page 358), but 
the burrowing action of phagocytic cells is evident from Figure 3. 

Many nerve cells, in which nuclei are still nearly or quite normal 
in appearance, show small vacuoles in the outer layers of their 
cytoplasm (Fig. 3). The vacuoles vary somewhat in size and dis- 
tribution. Inclusion granules present in such cells lie in the deeper 
part of the cytoplasm. There is no apparent direct relation between 
vacuoles and granules. 

Nuclei of Affected Nerve Cells 

The fuchsinophile nuclear inclusions found by Joest in the 
nerve cells of Boma’s disease of horses, a disease that has many 
points of similarity to the horse encephalomyehtis of Flaring and 
Meyer, naturally led to a careful search for intranuclear bodies in 
our material. Some cell nuclei in horse material (A147 and A252, 
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fixed immediately after death) contain rounded bodies of about the 
same size as those in the cytoplasm but, as a rule, of bluish color. 
Occasionally acidophilic granules appear in the nuclei. In animal 
A 41, a pregnant female 6 years old, the Maximow stain reveals 
reddish granules in the nuclei of many of the nerve cells. The 
granules are indistinct individually, but give a reddish tint to the 
nucleus. In this animal the cytoplasmic inclusions are small and 
are largely hidden by the Nissl substance. There was also but little 
perivascular infiltration in this animal, although clinically it had 
encephalomyelitis. 

In guinea pigs injected with filtered virus numerous reddish 
granules are brought out by the Maximow method in many nerve 
cell nuclei, but most of the nuclei are clear and normal in ap- 
pearance, even when the cells contain cytoplasmic inclusions. In 
these guinea pigs the cytoplasmic granules, as in horse A41, are 
small and more diflSicult to find than in most of the horse material. 
The greater part of the material examined, however, including the 
hmnan, shows very little indication of anything but the normal 
chromatin granules in the nuclei by the methods employed. In view 
of the reported discovery by Syverton, Cox and Olitsky of intra- 
nuclear inclusions in various animals subjected to the virus of equine 
encephalomyelitis, our failure to find nuclear inclusions constantly 
may be due to variations in the condition of the tissue when placed 
in fixing fluid, caused by differences of the time interval after death, 
and to other factors of technique which were not controllable in 
field animals and in human autopsy material. Many nuclei are 
found in various stages of destruction, with loss of nuclear mem- 
brane, and with acidophilic nucleoplasm, but only in markedly 
chromatolytic and otherwise necrotic appearing cells. 


Cytorlasihc Inclusions 

The inclusion bodies in the nerve cells occur, as a rule, as clusters 
of granules near the nucleus of the cell. Most frequently they are 
found at one side of the nucleus (Figs. 2, 3 and 5). Sometimes they 
occur in several clusters, which may be situated at opposite poles 
of the nucleus (Figs. 4 and 6). Not infrequently the granules are 
scattered throughout the cytoplasm without reference to the nucleus. 
In the larger nerve cells they have been encountered in clusters in 
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the dendritic processes at considerable distances from the peri- 
karyon. Occasionally they occur as compact, well circumscribed 
masses of granules, either near the nucleus or elsewhere in the cyto- 
plasm. 

Such inclusions are found in nerve cells that show only slight in- 
dications of degeneration (Fig. 4), and they also are present in cells 
that are in the last stages of destruction and that are undergoing 
phagocytosis (Fig. 3). The hematoxylin-eosin azur method is par- 
ticularly favorable for staining these granules and the Nissl sub- 
stance at the same time, when the latter still remains. The Nissl 
granules take a grayish blue tint, in marked contrast to the un- 
stained, or pink inclusions. In Figure 4 the large, flaky Nissl bodies 
are shown throughout the perikaryon, appearing in the photomicro- 
graph as gray masses. The inclusion granules, somewhat masked 
by the Nissl bodies, are shown in the photomicrograph as smaller 
black dots at either pole of the nucleus. The nucleus itself has 
been but slightly affected in the cell shown in this figure. Another 
cell is shown in Figure 5, in which Nissl bodies stfll are present 
at the periphery of the perikaryon, but in which chromatolysis has 
progressed much farther. The nucleus also is pyknotic and eccentric 
in position. The inclusion granules, however, are altogether similar 
to those of Figure 2, and show more clearly in the photomicrograph 
because they are not partially hidden by Nissl bodies. The nerve 
cells shown in Figure 6 have degenerated markedlj^, but the inclu- 
sion bodies have the same appearance as in the other cells. 

Many pubhcations have appeared on intracellular and intra- 
nuclear inclusions in relation especially to virus disease. Findlay 
and Ludford have reviewed this hterature up to 1926 and Cow- 
dry has again covered the field up to 1927. Another survey is, 
therefore, unnecessary. 

Hueck has differentiated hpofuscin from other lipoid inclusions 
in nerve ceUs.and other tissues. He states that there is considerable 
variation in the amount of Hpofuscin in different types of nerve cells. 
Kikuchi,^'^ as already noted, in 1928 described Hpofuscin and other 
inclusions in the nerve ceUs of horses ranging widely in age. He 
considers Hpofuscin to be a normal constituent of the nerve ceUs, 
but shows that it is more abundant in older animals. Bielschowsky,^® 
agreeing in general that Hpofuscin is present in normal nerve ceUs, 
holds that under certain pathological conditions there is a great in- 
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crease of this pigment. The nucleus in cells undergoing such path- 
ological formation of pigments may remain well preserved for a long 
time but eventually succumbs, preliminary to destruction of the cell. 
Da Fano has described minute bodies in herpetic encephalitis 
of rabbits. So far as can be judged from his descriptions and 
excellent figures these minute bodies are probably not identical 
with the cellular inclusions of the present account. Da Fano found 
bodies in various cells of the brain, including nerve ceUs, In our 
material the granules are found only in the nerve cells. There 
are also certain differences in the appearance of the granules 
themselves, as compared with the minute bodies of Da Fano, 
The latter are described^’ (see page 97) as a “single or double 
minute granule, roundish or slightly oval, surrounded by a clear 
halo; when in pairs the granules are so closely attached one to 
the other as to convey the impression of dumb-bell shapes; these 
are surrounded by a common and somewhat wider halo,” Only 
occasional granules in our material show any sign of a halo and 
there are few if any double granules. In form the range in our 
material is from rounded to angular, as above described. Da Fano’s 
minute bodies, furthermore, stain a deep purple-blue or purple- 
red with polychrome methylene blue and Giemsa’s stains. Sub- 
sequently Da Fano and Da Fano and Ligleby reported minute 
bodies in epidemic encephalitis in man, but with negative results as 
respects their presence in nerve cells, 

Cowdry and Nicholson describe and figure inclusions in the 
nerve cells of rabbits subjected to herpetic virus, which in size and 
general characteristics are not unlike those here described. In 
staining reaction, however, the granules of these investigators were 
colored a deep blue by the Giemsa stain on air-dried films. 

It is apparent from Table I that there are at least three, and prob- 
ably four, kinds of pigment in some of the brains studied by us. The 
blood pigments, while confusing because of their wide diffusion in 
the sections, are easily eliminated by the alkaline alcohol treatment. 
The melanin pigments can usually be recognized without difficulty 
in hematoxylin and eosin sections, and on treatment with silver 
nitrate they show the blackening that is characteristic of this test. 
With osmic acid they assume a deeper brown coloration. They are 
not dissolved in ether and chloroform. In a normal horse, 12 years 
of age, such granules are present in considerable numbers in the 



Table I 

Results of Varioics Microchemical Tests Applied to the Cytoplasmic Inclusion Bodies 
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brain stem. Horses A147 and A252, although older than the nor- 
mal horse, do not show any brown granules except after treatment 
with osmic acid. In sections treated with silver nitrate only yellow- 
ish granules are visible in the nerve cells. Treatment with ether 
and chloroform is followed by some indication of solution of some 
of the inclusions, but most of the pale to yellowish granules still 
remain. The poor solubility and the color of these inclusions point 
to lipofuscins. On incineration of thin unstained sections, mounted 
on the slide with distilled water only and subjected to a temperature 
of 600° C in an electric oven, the organic substance of the cells, in- 
cluding the granules, entirely disappears. Only a reddish ash sug- 
gesting iron is left in the position of the granules, according to Dr. 
Scott, to whose generous cooperation we owe the application and 
interpretation of this test. The younger horses, Nos. 1683 and 1684, 
show some melanin in the midbrain but very little if any elsewhere. 
Inclusion bodies are widely distributed, however, in this material, 
appearing as yellow granules after all the tests, save the osmic acid 
which turns them brown. 

Sections from various parts of the human brain which had been 
fixed in formalin show a considerable range of reactions to the tests 
applied. Only in the deep cerebellar nuclei are there granules that 
give positive indications of melanin, but sections through the deep 
part of the midbrain were not available. Cerebral cortex, hippocam- 
pus and the Purkinje cells show yellow to brown granules, with 
some solution by ether and chloroform. The yellowish green to 
green color of granules observed in some of the horse material was 
also observed in some of the human nerve cells. 

The results of the tests as to the nature of the inclusions point in 
the direction of lipochromes and lipofuscin. The variations in stain- 
ing qualities appear to depend not only upon the stain employed 
and the preliminary treatment, but also upon changes that must 
take place within the granules themselves, as shown by the presence 
in many cells of granules that range from pale yellow to deep pink in 
color when treated by Maximow’s eosin azur stain. There is, how- 
ever, no apparent relation between the stage of destruction of the 
nerve cells containing them and the staining qualities of the granules, 
since in material fixed immediately after the death of the animals, 
e.g., horses A147 s-od A252, nerve ceUs in various stages of necrosis 
are present in which no differences are apparent in the granules. 
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Summary and Conclusions 

Histological and cytological study of the brain and spinal cord 
of horses, guinea pigs and humans subjected to the virus of equine 
encephalomyelitis shows characteristic pathological changes. The 
most constant feature is the perivascular infiltration already pointed 
out by Meyer and Haring. This is found in all horses affected by 
the virus, but in none of the controls. It is also present in the guinea 
pig and human brains that were affected by the virus. 

There are suggestions of intranuclear inclusions in some of the 
nerve cells in several animals, but in our material this feature is too 
inconstant to permit of considering them as characteristic features 
of the affected cells. 

There is considerable degeneration of Nissl substance in many 
nerve cells of virus-infected animals and also in the human brain. 
Nerve cells in various stages of necrosis are present, especially in 
the brain stem and spinal cord. Many nerve cells are in process of 
phagocytosis by leukocytes. 

Cytoplasmic inclusions are present in many nerve cells of all the 
animals studied, which were affected by the virus, and in the human 
brain. Similar inclusions are found in smaller numbers in three 
horses that died from an unknown sepsis and also in a normal horse 
12 years of age. The nmnber of inclusions in the nerve cells of the 
virus-infected animals is considerably greater than in the control 
animals, and appears to be increased by the pathological conditions 
of the disease. 
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DESCRIPTION OF PLATES 


Plate 97 

Fig. ia. Photomicrograph showing the perivascular infiltration following 
encephalomyelitis in the brain of a horse. 

Fig. iB. Photomicrograpb with higher power show’ing perivascular infiltra- 
tion and also nerve cells in various stages of necrosis. 

Fig. 2. Brain stem of horse No. A147, showing nerve cell and small blood 
vessel with cytoplasmic inclusions in a necrotic cell and perivascular in- 
filtration, respectively. Hematoxylin and eosin azur stain after Zenker 
fixation. Section s microns. 

en = endothelium; In = cytoplasmic inclusions; N = Nissl bodies. 
X 820. 

Fig. 3. Horse No. A147. Nerve cell surrounded by phagocytes. The cell is 
necrotic and also shows inclusions. Hematoxylin and eosin azur stain after 
Zenker fixation. Section 5 microns. 

In = cytoplasmic inclusions; Nu = nucleolus; ph = phagocytes. 
X 820. 



AxnsRiCAN Journal of Pathology. Vol. X 


Plate 97 



Larsell, Haring and Meyer 


Histological Changes in Central Nervous System 




Platic 98 

Fig. 4. Horse No. A 147. Photomicrograph of nerve cell in brain stem showing 
Nissl bodies (grayish) and cytoplasmic inclusions (black). Hematoxylin 
and eosin azur slain after Zenker fixation. Section 5 microns. 

In = cytoplasmic inclusions; M — precipitate of mercuric chloride; 
N = Nissl bodies; Nu = nucleolus. 

Fig. 5. Horse No. A147. Photomicrograph of nerve cell in later stage of de- 
struction than that shown in Fig. 4. Nissl bodies arc found only at the 
periphery of the cell and the nucleus is eccentric and shov/s considerable 
degeneration. Hematoxylin and eosin azur stain after Zenker fixation. 

In = cytoplasmic inclusions; = precipitate of mercuric chloride; 
N = Nissl bodies; Nu = nucleolus. 

Fig. 6. Photomicrograph of nerve cells markedly degenerated with advanced 
chromatolysis. Hematoxylin-cosin azur stain after Zenker fixation. Sec- 
tion 5 microns. 

In = cytoplasmic inclusions; M ~ precipitate of mercuric chloride; 
Nu = nucleolus. 

Fig. 7. Brain stem of horse No. A252 showing a group of ner\’'C cells under- 
going phagoc^losis. Hematoxylin and eosin azur stain after Bouin fixa- 
tion. Section 10 microns. 
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ANOMALIES OF THE INTERVENTRICULAR SEPTUM AND 
PULMONARY ORIFICE* 

REPORT OF TWO CASES 

BfiLA HaXPERT, M.D., AND ROBERT TeNNANT, M.D. 

{From the Department of Pathology, Yale University School of Medicine, New 

Haven, Conn.) 


Malformations representing arrests at successive stages in the 
evolution of the developing heart have recently been observed in this 
laboratory in 2 cases. Each showed a defect in the interventricular 
septum which was associated with pulmonary atresia and dextro- 
position of the aorta in i, and with stenosis of the pulmonary orifice 
in the other. The first case is of further interest in that it is one 
easily mistaken for truncus arteriosus communis persistens, and the 
second because it suggests the probable pathogenesis of the malfor- 
mation in this case. Abbott’s^ review of 850 cases of cardiac mal- 
formations yielded 186 instances of basal defects of the interven- 
tricular septum complicating other anomalies. Among these 95 had 
pulmonary stenosis or atresia, and associated dextroposition of the 
aorta was encountered in 62 of the latter group. In view of the 
rarity of the condition these two cases seemed worthy of reporting. 

Case Reports 

Case i. R.W., an 18 months old negro boy, was admitted to the New Haven 
Hospital on March 21, 1933, appearing acutely and gravely ill. He had been 
under observation in the Children’s Community Center of New Haven and was 
known to have congenital heart disease and a spastic right-sided hemiplegia of 
unexplained origin. According to the mother this was her fifteenth child and 
all the others were living and well. The mother was 42 years of age. A Kahn 
test of the blood of both the father and mother was negative. The child, bom 
at term on Oct. 17, 1931, following an uneventful pregnancy, was delivered 
spontaneously and weighed 4025 gm. The only unusual features noted at birth 
were “a collodion-like membrane” which peeled off in large pieces from the 
normal skin, and scant development of the eyebrows and eyelashes. On the 
4th day after birth a rise in temperature to over 38° C developed and lasted 
for about a day and a half. On Oct. 28, 1931, a blue coloration of the lips and 
nail beds was noted and a double murmur was heard over the entire precordium 
and the left back. Roentgenographs showed an unusual cardiac silhouette and 

* Received for publication October 23, 1933. 
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a marked enlargement of the left ventricle. The transverse diameter of the 
cardiac shadow measured about 6 cm., while the intralhoracic diameter at the 
level of the ninth rib w'as lo cm. The mediastinal shadow was normal and there 
was no prominence of the shadow of the pulmonary artery. When discharged 
from the hospital the next day the infant weighed 3860 gm. 

He was then followed in the Outpatient Clinic and was seen first on Nov. 2, 

1931, a few days following his discharge from the hospital. At this time he 
appeared to be in good health, weighed 4040 gm., and was taking the breast and 
formula well. WTien next seen on Nov. 23, 1931, the child weighed 4440 gm. and 
had a scaly papular lesion on the checks, scalp and skin folds. A systolic blow 
was heard over the left infraclavicular region. A roentgenogram revealed prac- 
tically no change in the configuration of the cardiac shadow. During the next 
2 months the child developed satisfactorily. On Jan. 18, 1932, he weighed 5320 
gm. A roentgenogram taken at that time showed a slightly enlarged cardiac 
silhouette with a transverse diameter of 7.1 cm. and an intrathoracic diameter 
of 12.5 cm. The pulmonary shadow was not enlarged. On Feb. 8, 1932, the 
child weighed 5620 gm., showed definite cyanosis of the tips and nails of the 
fingers and toes, and some dyspnea when in the sitting posture. No murmurs 
were heard over the heart. In the second interspace, just to the left of the ster- 
num, the first sound was not audible. On March 15, 1932, the weight was 6500 
gm. In addition to a moderate degree of cyanosis of the lips, tips of fingers and 
toes, a widening of the cranial sutures and of the frontal and occipital fontanelles 
was noted. The circumference of the head was 40.5 cm. "V^Tien seen on April 19, 

1932, the child had a cough and looked rather ill, but his sleep and appetite 
were not impaired. He weighed 6890 gm. and his temperature was 39° C. A 
roentgenogram taken on April 22, 1932, showed the lung fields to be clear. 
There was a marked enlargement of the left ventricle. The transverse diameter 
of the cardiac shadow measured 7.8 cm. and that of the chest 13.4 cm. He 
seemed to have recovered from this episode when seen 5 days later. On May 25, 
1932, he weighed 7260 gm., and the circumference of his head was 42 cm. On 
June 8, 1932, the mother noticed a swelling of the right cheek but this seemed 
to have disappeared when the child was seen again 2 days later. On his next 
visit, Oct. 14, 1932, the weight was 7120 gm. 

He was seen again on Feb. i, 1933, at which time the mother stated that on 
the previous day the child became fretful and that he cried and ate and slept 
poorly. The next day he ate better, was drowsy and awake only for feedings. 
It was noticed that the child cried when he was picked up by the armpits and 
that his right arm was limp and “not used.” On Feb. 3, 1933, he was admitted 
to the New Haven Hospital. At this time he appeared thin and small for his 
age, inactive and drowsy. He weighed 7010 gm. and measured 73.5 cm. in height. 
The systolic blood pressure was 85 and the diastolic 50 mm. Hg., the pulse 
rate was 150 per minute, and the temperature was 39° C. There was a slight 
tach3^nea but no obvious respiratory distress. Slight cyanosis of the lips and 
nail beds, with some clubbing of the fingers and toes, was noted. The circum- 
ference of the head was 44.2 cm. The frontal fontaneUe was large, open and did 
not bulge. The frontal bones were prominent. The eyes were kept turned 
toward the left. The pupils were equal, regular and reacted to light. The ocular 
funch appeared normal. The cardiac area seemed not to be enlarged on per- 
cussion. A loud systolic murmur was heard over the precordium, was trans- 
mitted to the great vessels of the neck, and was heard all over the cranium. A 
systolic thrill was felt in the suprasternal notch. A roentgenogram disclosed an 
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enlargement and boot-shaped configuration of the cardiac shadow, as well as an 
increase in the angulation of the tracheal bifurcation. Both pulmonary fields 
were clear. The right arm and leg showed a flaccid paralysis. The erythrocyte 
count was about 6,880,000 with 57 per cent hemoglobin; the white blood cell 
count was ix,ioo, with 62 per cent polymorphonuclear leukocytes and 34 per 
cent lymphocytes on several occasions. The urine contained no albumin or 
sugar. Roentgenograms of the skull, pelvis and extremities were essentially 
negative. Roentgenoscopic examination of the esophagus with a barium meal 
showed no narrowing. A prominence of the shadow of the pulmonary artery 
was also noted. During the subsequent stay of 5 weeks in the hospital the 
right hemiparesis gradually improved and the child gained some weight. An 
electrocardiogram taken on March 3, 1933, showed a sino-auricular tachycardia 
and left axis deviation (new terminology). \Vhen transferred to the Children’s 
Community Center on March 13, 1933, the child weighed 7600 gm. All neuro- 
logical signs had disappeared, except that the right leg was held flexed at the 
knee but could be extended voluntarily. 

Three days after discharge from the hospital the child again became irritable, 
took food poorly and in the next few days became progressively weaker. On 
March 17, 1933, he had a brief episode of spastic quadriplegia. On March 19 
he had an elevation of temperature which ranged between 39.4° and 41.2° C. 
The next day a discoloration was noted along a vein running over the forehead 
and bridge of the nose. When readmitted to the New Haven Hospital on 
March 21, 1933, the child appeared acutely and gravely ill and difficult to 
arouse. He weighed 6900 gm. and his temperature was 37° C. The bluish color- 
ation of the bridge of the nose and forehead was still present. The eyes deviated 
to the right, showed a fine horizontal nystagmus, and the pupils reacted but 
little to light. The eyegrounds were essentially normal. There was marked 
cyanosis of the lips. The gums were reddened. A convulsion was produced 
when an attempt was made to examine the throat. The lungs were clear. The 
heart was not enlarged to percussion, its rate was rapid and regular. A blowing 
systolic murmur was heard loudest over the pulmonic area. A murmur was 
faintly heard over the right parietal region. Cyanosis and clubbing of the fingers 
and toes was noted. There was a slight spasticity of all the extremities and the 
tendon reflexes were more hyperactive on the right than on the left. The 
erythrocyte count was 8,120,000 with 74 per cent hemoglobin; the white blood 
cell count was 28,000 with 85 per cent polymorphonuclear leukocytes and 13 per 
cent lymphocytes. The urine contained no acetone, sugar or albumin. A lum- 
bar puncture on the next day showed clear cerebrospinal fluid. The tempera- 
ture rose to 39.8° C but was lower the next day and then remained normal with 
occasional rises to 38° C. Feeding required recourse to gavage, and h3q)oder- 
moclyses were frequently given. On April 3, 1933, signs of pneumonia set in 
and on April s the child died. 

At autopsy, in addition to the anomalies in the heart and large 
vessels, the following changes were noted: slight clubbing of fingers 
and toes, large open frontal fontanelle, increased circumference 
(44 cm.) of the head, hypoplasia of the thymus and spleen, chronic 
passive congestion of the viscera, bilateral focal pneumonia, heman- 
giectases of the veins of the right Sylvian fissure, thrombi in the left 
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cerebral artery and its branches with multiple old and recent infarcts 
of the brain. 

Description of the Heart: In siki the heart was not particularly 
enlarged, its transverse diameter was 8 cm., that of the chest 14 cm. 
The apex was markedly rounded and made up equally of both 
ventricles. From the conus arteriosus a single vessel arose which 
at first sight appeared to be a common trunk for the pulmonary 
artery and the aorta. The disposition of the inferior vena cava, the 
azygos vein and superior vena cava, the coronary sinus and its tribu- 
taries appeared normal. 

The heart weighed about 70 gm. The right half was slightly 
larger than the left. The right atrium appeared normal. The 
atrioventricular orifice measured 6.5 cm. in circumference; the valve 
was not altered. The wall of the right ventricle was 7 mm. thick; 
the trabeculae cameae and the musculi papillares were well rounded. 
There was an opening in the septum ventriculorum in the region 
of the membranous septum, 1 cm. in diameter, forming a communi- 
cation between the ventricles. The orifice of the arterial trunk 
measured 4 cm. in circumference; the valves appeared normal. 
The left coronary artery arose from the left sinus of Valsalva, the 
right from the anterior sinus. The subsequent course of each of 
these vessels appeared normal. In the ascending portion the trans- 
verse diameter of the aorta measured 2.5 cm. From the arch, the 
innominate artery, the left co mm on carotid and subclavian arteries 
arose. The patent ductus arteriosus continued into the right and 
left branches of the pulmonary artery. Below their division the 
pulmonary artery continued with a gradually decreasing liunen to 
the heart where it attached blindly as a fibrous band to the left of 
the aorta. No further anomaly was noted in the rest of the aorta. 
The left atrium showed nothing unusual; the foramen ovale was 
closed except for a narrow sht measuring 2 by 8 mm. The atrio- 
ventricular orifice measured 5 cm. in cirounference; the valve ap- 
peared normal. The wall of the left ventricle measured 7 mm. in 
thickness. The trabeculae cameae and the muscuh papillares were 
well rounded. No opening was present at the usual site of the aortic 
orifice. 

Case 2. F. F,, a 9 year old white boy, was brought in to the emergency 
room of the New Haven Hospital on June 7, 1933. He was dead upon arrival. 
The child had been under observation in the Outpatient Clinic for a congenital 
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heart condition. According to the parents he was one of eight children, the rest 
of whom were living and well. The child was bom in 1923 by a normal spon- 
taneous delivery at term after an uneventful pregnancy. He was a “blue baby.” 

When first seen in the Outpatient Clinic of the New Haven Hospital on July 
29, 1926, the child appeared well developed and nourished. He became cyanotic 
when lying down and when crjdng. The heart was not enlarged to percussion, 
the rhythm was regular. A harsh systolic murmur, maximal in the third left 
interspace halfway between the sternum and the nipple, was audible over the 
whole precordium. A short systolic thrill was felt over the point of maximum 
intensity of the murmur. A diagnosis of congenital heart disease with interven- 
tricular septal defect was made. The patient returned to the Clinic on Feb. 13, 
1928. During the interim he had developed difficulty in breathing, which be- 
came gasping. At times he was pale, at other times his lips and face were cya- 
notic. The left chest in the precordial region bulged slightly. The cardiac signs 
were the same as on the previous occasion. The pulse was 134 per minute and 
the temperature 39° C. His throat was injected and his tonsils were large. 
The next visit was on May 15, 1931. In the interval he had had increasing at- 
tacks of dyspnea and cyanosis upon exertion, which had necessitated a marked 
restriction of his activities. There was definite cyanosis of the ears, lips, tongue 
and extremities, and clubbing of the distal phalanges of the fingers and toes. 
The heart sounds were the same as on former occasions. Roentgenographic 
examination revealed no abnormalities in the size and shape of the heart. When 
seen again on Sept. 25, 1931, he had attacks of precordial pain, was markedly 
cyanotic and definite venous pulsation was noted. It was assumed that decom- 
pensation of the heart had commenced, and accordingty his activities were 
severely restricted. He was last seen in the Clinic on April 15, 1932, at which 
time he was deeply cyanotic. The systolic blood pressure was 94 and the diastolic 
86 mm. Hg. On June 7, 1933, 30 minutes before being brought to the emergency 
room, he is said to have had an attack of dyspnea and cyanosis in which he 
stiffened out and cried for air. Five minutes before arrival he became limp 
and his breathing stopped. Both the cardiac pulsations and the respirations 
had ceased at the time of arrival. 

At autopsy the body was well developed. A distinct bulging of 
the thorax was noted in the precordial region. There was a striking 
dusky cyanosis of the skin, mucous membranes and nail beds and 
a marked clubbing of the distal phalanges of the fingers and toes. 
All the viscera showed signs of marked chronic passive congestion. 

Description of the Heart: The heart in situ appeared greatly en- 
larged. The rounded apex was composed equally of the right and 
left ventricles. The transverse diameter of the heart was 12.5 cm., 
while that of the thorax was 19.5 cm. There was a striking dispro- 
portion between the size of the aorta and pulmonary artery, the 
aorta having a diameter of about three times that of the pulmonary 
artery. The disposition of the inferior vena cava, the azygos vein 
and superior vena cava, the coronary sinus and its tributaries, ap- 
peared normal. 
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The right atrium was somewhat dilated. The atrioventricular 
orifice measured ii cm. in circumference; the valve was thin and 
delicate, except for one firm translucent nodule 2 mm. in diameter 
situated on the line of closure of the anterior leaflet. The wall of 
the right ventricle measured 0.8 cm. The conus arteriosus v/as 
large and was directly continuous with the cavity of the right 
ventricle. At the base of the pulmonary valve it was 2.5 cm. in 
circumference. The pulmonary artery was small; it measured 
1.5 cm. in circumference, as did also its right and left branches. 
The wall of the vessel was thin and presented a smooth, shiny inti- 
mal surface. 

The pulmonary cusps were fused and markedly thickened. At 
the free margin the edges were rounded and beset with firm, pearly 
gray, roughened excrescences which measured 2 to 3 mm. in diame- 
ter. The fusion of the three cusps formed an inverted funnel with 
an aperture at the apex not more than i mm, in diameter. The left 
atrium was of usual size. The foramen ovale was closed. The atrio- 
ventricular orifice measured 7.5 cm. in circumference. The leaf- 
lets of the mitral valve were thin, delicate and well formed. The 
cavity of the left ventricle was increased in size and the columnae 
cameae were somewhat flattened. The wall measured 0.8 cm. in 
thickness. The myocardium was a homogeneous red-brown. At the 
base of the interventricular septum there was a circular defect, 
1.5 cm. in diameter, involving chiefly the membranous portion. 
The defect began posteriorly at the middle portion of the posterior 
cusp of the aortic valve and ended anteriorly on a line with the 
jimction of the right and left cusps. It was bounded below by the 
crescentic, rounded free edge of the interventricular septum. The 
aorta, a large thick-waUed vessel, arose equally from both ventricles 
and was overriding the septal defect. The aortic orifice measured 
5 cm. in circumference; its valves were thin and delicate. The right 
coronary artery arose from the right sinus of Valsalva, the left from 
the left sinus. The vessels pursued the usual course and distribution. 
The arch of the aorta was well formed and the vessels arose from it 
in the usual manner. Each of the two bronchial arteries noted 
measured 2 mm. in diameter. The ductus arteriosus was a thin 
fibrous cord connecting the pulmonary artery and the aorta. 

Microscopic preparations of the pulmonary valve show the basal 
portion to be thin and composed of loose strands of connective tis- 
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sue. Toward the free margin it is thickened by numerous nodules 
of dense acellular hyalinized connective tissue. In several of these 
deposits of calcium are present. The connective tissue adjacent to 
the nodules is infiltrated by small and large mononuclear cells. 
Several thin-waUed blood vessels are present in the valves adjoin- 
ing the nodules. 

The interstitial tissue of the myocardium is infiltrated with small 
mononuclear cells. In many regions these are grouped in small foci 
of 20 to 30 cells adjacent to blood vessels. In the right ventricle the 
cells are distributed diffusely throughout the myocardium. The 
myocardial fibers of this ventricle are increased in size and contain 
bizarre shaped nuclei. 


Discussion 

The first case is one easily mistaken for a trimcus arteriosus com- 
mimis persistens. Two cases of this condition, which is rather rare, 
have been reported from this laboratory, one by Zimmerman ^ and 
the other by Finley.® Recently, in an admirable review, Humphreys^ 
presented the criteria for identification of. this malformation. In 
our case the surest landmark of the common trunk — the presence 
of four semilimar cusps, with two coronary arteries arising from the 
sinuses of opposite cusps — was absent. Furthermore, careful dis- 
section disclosed the vestige of the pulmonary artery attached to 
the heart left of the aorta as a fibrous band. The latter, obtaining 
a gradually increasing lumen, continued into the right and left 
branches of the pulmonary artery; the patent ductus arteriosus con- 
nected these branches with the aorta. The case was thus identified 
as one of interventricular septal defect, atresia of the pulmonary 
artery and dextroposition of the aorta. 

Stenosis of the pulmonary orifice without defect in the interven- 
tricular septum is, according to Abbott, ‘‘a lesion purely valvular 
and of inflammatory origin.” When, however, the stenosis is as- 
sociated with a defect in the interventricular septum, it is a malfor- 
mation due to arrest in development. In our second case there is 
a healed valvulitis and a chronic diffuse myocarditis associated with 
this malformation. Thus, the question arises whether the stenosis 
of the pulmonary orifice is the result of the valvulitis or is a develop- 
mental defect with the valvulitis superimposed. The presence of 
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the septal defect favors the latter view. The role of the inflammatory 
process in the development of the stenosis cannot be estimated, 
although at present it is the most prominent feature. 
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DESCRIPTION OF PLATE 
Plate 99 

Fig. I. Interventricular septal defect, atresia of the pulmonary artery and 
dextroposition of the aorta in an 18 months old negro boy. From the 
conus arteriosus a single vessel, the aorta, ascends to form the arch from 
which the arteria anonyma, the left common carotid and subclavian arteries 
arise. Attached to the heart, left of the aorta, is a fibrous band v/hich, ob- 
taining a gradually increasing lumen, continues into the right and left 
branches of the pulmonary artery. The patent ductus arteriosus connects 
these branches with the aorta. 

Fig. 2. Interventricular septal defect and stenosis of the pulmonary orifice in 
a 9 year old boy. The caliber of the pulmonary artery compared with that 
of the aorta is small. The semilunar valves are thickened and fused, nar- 
rowing the orifice. 
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THROMBOPENIC PURPURA ASSOCIATED WITH CARCINOMA 
OF THE STOMACH WITH EXTENSIVE METASTASES * 

John S. Lawrence, M.D., and Earle B. Mahoney, M.D. 

(From ihc Departments of Medicine and Pathology, University of Rochester School 

of Medicine and Dentistry, and the Medical Clinics of the Strong Memorial and 
Rochester Municipal Hospitals, Rochester, N.Y.) 

Carcinoma is practically always associated with a normal or an 
increased number of platelets in the peripheral blood.^» ^ Perl ® has 
recently reported values at the lower limits of normal in the ma- 
jority of the cases in her series. From time to time various investi- 
gators^'^® have reported exceptions to this general rule. Particu- 
larly uncommon is tlie association of thrombopenia with carcinoma 
of the stomach.^' In addition to the cases in which there 

was a definite thrombopenia, Ellermann has described a case of 
carcinoma of the stomach with bone marrow metastases associated 
with ecchymoses. No estimation of the number of platelets in the 
peripheral blood was made by him. In the majority of the cases of 
carcinoma of the stomach with thrombopenia there have been ex- 
tensive metastases to the bone marrow. Because of the rareness of 
the finding of thrombopenia as a complication of carcinoma of the 
stomach the present case, in which there were thrombopenia and 
extensive bone marrow metastases, is reported. 

Report of Case 

Clinical History: C. B., Unit No. 73002, 43 years of age, a male carpenter, 
was admitted to the Rochester Municipal Hospital on March 22, 1933, com- 
plaining of “stomach trouble.” He stated that for 6 years he had had gaseous 
distention, belching of gas, sour eructations, and burning in the epigastrium 
and in the right abdomen. These symptoms occurred i- to 2 hours after eating 
and were relieved by vomiting or by soda, but not by food. He had vomited 
frequently and, on occasions, had noted food eaten i or 2 days previously in 
the vomitus. His appetite was poor. For 2 weeks he had been troubled with a 
severe constant pain in the lumbar region. This pain radiated to the hips, down 
the thighs and into the upper back. Pie had felt weak for 10 days. Three days 
before admission, and again on the folllowing day, he vomited coffee ground 
material and passed semiliquid black stools. He had lost 30 pounds in weight 
in 4 years. He had noted pallor for several months, and also had noted that he 

* Received for publication November 2, 1933. 
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bled easily after shaving. There was no history of petcchiae, or epistaxis, and 
there had been no gross hematuria. The past history was unimportant. His 
father had had frequent severe epistaxis and had bled for 4 to 5 hours once 
following the extraction of a tooth. 

Physical Examination: The patient appeared chronically ill. The skin and 
mucous membranes were pale. There was moderate epigastric tenderness as- 
sociated with some muscle resistance. The liver v/as palpable just belov/ the 
costal margin. No other findings of interest were observed on admission, but 
on the next day many petechiae were present on the lower extremities. 

Laboratory Data: Table I shows the principal morphological blood findings 
during the period of observation. Repeated examinations of fixed blood smears 
stained with Wright’s stain revealed slight achromia. The red blood cells 
shov/ed slight variations in size, both microcytes and macroc>'tcs being present 
and the average size being normal. No poikilocytosis v/as present. Occasionally 
nucleated red blood cells were found. In one preparation 8 normoblasts were 
seen v/hile counting 200 white blood cells. The platelets v/ere markedly dimin- 
ished, averaging about i to 2 per oil immersion field. The coagulation time 
(test tube method) was 12 to 16 minutes. The clot retraction was good. The 
clot showed normal elasticity on one occasion and on two other occasions it 
was friable. The bleeding time varied between loj and 29 minutes. The icterus 
index was 6. Numerous urinalyses revealed no noteworthy abnormality. A 
small amount of albumin v/as present during the first week. After this the al- 
buminuria remained about the same but casts v/ere constantly present in vary- 
ing numbers. On only one occasion was a rare red blood cell seen. Numerous 
clumps of white blood cells were found in one specimen. Repeated examina- 
tions of the stools shov/ed the presence of blood during the first 12 days. No 
blood appeared after this time. The Wassermann Teaction on the blood was 
negative. 

Roentgenographs of the dorsal and lumbar vertebrae showed no metastatic 
lesions, A gastro-intestinal series revealed findings that were interpreted as 
carcinoma of the pyloric region of the stomach vith high-grade obstruction. 

Course in the Hospital: Two days after admission the patient vomited a large 
quantity of muddy, gra>dsh material, which gave a strongly positive guaiac test. 
There was no further vomiting. Lumbosacral pain was one of the most trouble- 
some symptoms, but it disappeared 20 days after he was first seen. The gastro- 
intestinal symptoms were partly alleviated by a Sippy diet. He was given large 
doses of iron in the form of Blaud’s pills and iron and ammonium citrate, v/ith- 
out any effect on the blood picture. Twenty-five days after admission he sud- 
denly became dyspneic and cyanotic in the morning and died that afternoon. 
Permission for autopsy was obtained. 


Postmortem Examination 

External exanaination of the body and of the serous cavities re- 
veals no findings of importance. The heart shows evidence of mild 
chronic tricuspid and subacute mitral endocarditis. The spleen, 
pancreas, adrenals, kidneys, pelvic organs, vascular system, neck 
organs and skeletal system show no noteworthy abnormalities. 



Data on Blood Findings During Period of Observation 
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Schilling differential counts done at this time. In all other counts all ncutrophilcs were classified as segmented forms. 
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Lungs: The left lung weighs 625 gm., the right lung 700 gm. 
The pleural surface of the right lung is covered with fibrous ad- 
hesions, that of the left is smooth and glistening. They are mot- 
tled red and black, voluminous and somewhat heavy, crepitant to 
spongy in consistence, and along the margins are distended alveoli. 
The Mum nodes are small and deeply pigmented. The bronchial 
mucosa is bright red and injected. The pulmonary vessels are 
elastic and show no thickening. At the apex of each lung is a small 
puckered scar. Sections through the lungs reveal bright red, glis- 
tening surfaces from which fluid can easily be expressed. There is 
no evidence of consolidation. 

Gastro-Intestinal Traci: The mucosa of the esophagus is smooth 
and velvety. The stomach contains about 500 cc. of light brown, 
fluid material, and at the pyloric region is a firm, annular mass, 
involving the walls for a distance of about 2 cm. above the ring. In 
one area this mass is ulcerated and presents a gray, necrotic crater. 
Section through the mass reveals a firm, white, fibrous, glistening 
surface. This tissue has invaded the peritoneum about the pylorus 
and several firm white lymph nodes of the same consistence are 
noted in this region. 

Liver: Weight 2150 gm. The organ is large, dark brown, and 
over the surface of aU lobes are small, rounded gray areas which 
are depressed below the surface. These vary in size from 2 mm. to 
I cm. in diameter, and are also visible on cut section. Many of them 
show small areas of hemorrhage and a few are surrounded by a hy- 
peremic zone. The remaining liver tissue appears normal. The 
lobulation is regular and distinct. 

Gall-Bladder: About 50 cc. of viscid bile is present in the gall- 
bladder. The wall is not thickened and the mucosa is smooth, the 
ducts patent. 

Lymphatic System: In the retroperitoneal region are several large 
gra3dsh glands which are firm and on cut section present a uniform 
gray surface. 

Bone Marrow: The shaft in the region of the middle third of the 
femur appears thickened. The marrow is quite firm and on pressure 
holds its shape. Bone trabeculae are conspicuous in the marrow 
cavity. There is only a slight amount of the red element present, 
the greater portion being fat. The marrow of the vertebrae is red 
and appears somewhat hyperplastic. Section of the rib shows the 
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marrow cavity to be nearly empty, showing no hyperplasia. The 
marrow cavity of the sternum contains many bone trabeculae. 
The marrow here is also firm and shows only slight hyperplasia. 

Anatomical Diagnoses: Carcinoma of the stomach with metastases 
to the liver, lungs, adrenals, bone marrow, and l3miph glands; pul- 
monary congestion and edema; acute bronchitis; subacute mitral 
and chronic tricuspid endocarditis; chronic cystitis; emphysema; 
healed apical tuberculosis; chronic pleuritis. 

Microscopic Examination 

Heart: The cardiac fibers appear small and there is a small amount 
of yellow pigment at the nuclear poles. Sections show no scars. 

Lungs: The alveolar walls are congested and in many areas their 
lumens are filled with fibrin and fluid. Large endothelial phagocytes 
and heart failure cells are conspicuous. There are several small 
areas of infarction showing imiform infiltration with red cells and 
destruction of alveolar architecture. The most striking feature is 
the distribution of tumor cells. The lymphatics about the bronchi 
and vessels, and the capillaries of the alveolar walls, are in most 
areas filled with tumor cells. Also, the smaller vessels and the 
lymphatics of the pleura show a similar condition. The cells are 
large with irregular, pale cytoplasm. The nuclei are round or oval 
with prominent mitoses. There are no areas in which nodules of 
tumor have eroded limg tissue. A few small vessels contain thrombi, 
apparently invaded by tumor. There is no increase in fibrous tissue. 

Spleen: The pulp is considerably congested. The malpighian 
bodies are small and there is conspicuous thickening of the central 
vessels. No tumor cells are present in the section. 

Gastro-Intestinal Traci: Sections of stomach show epithelium 
that has undergone postmortem change and is eroded. In one por- 
tion it becomes atypical, presents a diffuse distribution and the 
ceUs are heaped up. The wall in this portion is thick and the muscle 
is almost entirely replaced by connective tissue. Tumor cells have 
invaded this area but are in small clusters and infrequent. They are 
surroimded in all instances by very dense fibrous tissue. The cells 
have round or oval, deep staining nuclei, rich in mitoses, and are 
quite small. Tumor cells are present on the serous surface, and there 
is evidence of chronic inflammation, with many clusters of round 
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cells. In one area the mucosa is definitely eroded, infiltrated with 
neutrophils and covered with cellular debris. 

Liver: There are clusters of tumor cells that have stimulated a 
marked growth of connective tissue, almost completely obliterating 
the normal architecture. In these areas the- proportion of connec- 
tive tissue is far greater than that of tumor. The surrounding liver 
cells are atrophic and contain yellow pigment. Throughout the 
entire section there are tumor cells within the sinuses and in many 
lobules, completely filling the central veins. The cells are similar 
to those noted in the lungs and stomach. This latter type of tumor 
infiltration has produced no connective tissue formation. The dis- 
tribution is remarkably like that seen in the leukemias. Many 
neutrophils are seen throughout the sinuses. 

Adrenals: There is invasion of the medulla with tumor cells. 
They have not entirely destroyed the medullary tissue, are not abun- 
dant, and have stimulated no connective tissue formation. 

Kidneys: A few small scars are present beneath the capsule, in- 
filtrated with round cells and involving hyalinized glomeruli. The 
tubular epithehum is somewhat swollen and granular. 

Bladder: The mucosa is eroded, and the submucosa is somewhat 
thickened and infiltrated with round cells. The muscle fibers are 
enlarged. 

Lymphatic System: The mesenteric glands are almost entirely 
replaced by tumor cells. 

Thyroid: Shows the usual adenomatous change. There is a slight 
amount of colloid in the acinar lumens. 

Bone Marrow: The femoral marrow cavity shows a large amount 
of fibrosis. The connective tissue is quite dense and cellular, and 
spicules of bone are prominent. They are dense and show no evi- 
dence of destruction by osteoclasts. Throughout the marrow cavity 
are clusters of tumor cells, similar to those described in the stomach, 
which he between the bony spicules and have not eroded the bone. 
A section through the shaft of the femur shows dense bone forma- 
tion with clusters of eosinophilic and neutrophilic myelocytes, as well 
as the mature polymorphonuclear type. Erythroblasts and mature 
red cells are conspicuous. Normal appearing megakaryocytes are 
present but are probably diminished in total numbers. The sternal 
marrow shows a similar picture but the fibrosis is more marked and 
fewer tumor cells are noted. There is much less evidence of blood 
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cell formation in this region and the bony spicules are more promi- 
nent. Section of the vertebra shows an extensive infiltration of 
tumor cells without erosion of bone. There is moderate hyperplasia, 
possibly more marked than in the femur, of both red and white 
cell progenitors. Normal appearing megakaryocytes are numerous. 
Figure i shows a typical section of the vertebral marrow. Clusters 
of tumor cells are interspersed with normal bone marrow. 

Discussion 

So far as the blood picture is concerned, there is only one finding 
that is unusual — the marked diminution in the number of the plate- 
lets. The exact mechanism responsible for this cannot be given. It 
would seem that the presence of large numbers of tumor cells in the 
bone marrow was the probable cause of the thrombopenia. How- 
ever, studies of the bone marrow sections reveal an approximately 
normal number of morphologically normal megakaryocytes. Never- 
theless, the presence of these megakaryocytes does not prove that 
these cells were functionally normal. Increased peripheral destruc- 
tion or loss of platelets cannot be excluded. 

The question naturally arises as to the relation of the thrombo- 
penia to the hemorrhagic diathesis. It seems to us that the connec- 
tion is most probably a close one, although it would be impossible 
to say that the bleeding phenomena were not dependent, at least 
in part, on changes that may have occurred in the permeabihty of 
the capillary walls, as is thought by many to be the case in idiopathic 
thrombopenic purpura. 

The presence of large numbers of early cells of the myeloid series 
and of numerous nucleated red blood cells is not unusual, and 
has been commented upon previously.^’ These findings 

should be emphasized, however, as they may aid in differentiating 
idiopathic thrombopenic purpura from the symptomatic form in 
cases where the presence of a mahgnant tumor is not proved. It is 
unusual to find large numbers of nucleated red blood cells and many 
early myeloid cells in idiopathic thrombopenic purpura, although 
they may be found after recent massive hemorrhage. 

The value of studies of the sternal marrow in such individuals 
cannot be too strongly emphasized. Had we been able to obtain 
a sternal marrow biopsy from this patient during life, a positive 
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diagnosis could have been made. This procedure v/as planned for 
this patient but his sudden death prevented its being done. 

Summary 

The clinical and postmortem findings in a patient who had 
thrombopenia associated with carcinoma of the stomach with ex- 
tensive metastases are reported. 
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DESCRIPTION OF PLATE 
Plate ioo 

Fig. I. A typical section from the vertebral marrow. Note the presence of 
clusters of tumor cells interspersed in normal appearing bone marrow. 
X 115. 
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TRACHEO-ESOPHAGEAL FISTULA OF SYPHILITIC ORIGIN * 


REPORT OF A CASE 

Carl J. Bucher, M.D., and Jo Ono, M.D, 

{From the Departments of Pathology and Bronchoscopy, Jefferson Medical College 

Hospital, Philadelphia, Pa.) 

Syphilis, as the etiological factor of tracheo-esophageal fistula, 
is uncommon. In 1899 Sirot ^ collected 143 cases, of which 68 were 
due to neoplasm, ii to foreign bodies, 2 to pressure of a tracheal 
cannula, and 4 of which followed a cicatrix, 17 inflammatory lesions 
such as tuberculosis, 3 perforation of an ulcer, and i each to aneu- 

Table I 

Data on Instances of Tracheo-Esophageal Fistula of Syphilitic Origin Collected frorn 

the Literature 


Author 

Sex 

Age 

Site of ^ 
tracheal lesion 

Berger (quoted by Conner^) 

M 

yrs. 

33 

Upper r/3 

von Navratil ^ 

M 

28 

Upper 1/3 

Krassnigg^® 

M 

S 3 

Middle 1/3 

Schiitze^^ 

F 

42 1 

Lower 1/3 

Gerber ^ 

M 

6S 

Lower 1/3 

Levy j 

F 

24 

Lower x/3 

Sonntag^^ 

M 

34 

1 Lower x/3 

Beeler ^ 

M 

58 

Lower 1/3 

Dufour^® 

F 

38 

Not given 

Moritz^ 

F 

36 

Not given 

Basch*® 

, . 


Not given 

Curschman (quoted by von Fraenkel ®) 

F 

41 

Not given 


rysm and trophic disturbances. In 36 cases the cause was un- 
determined. Only I of these, a case reported by Moritz, ^ was of 
definite syphilitic origin. In 1903 Conner® reported 128 instances 
of syphilis of the tracheobronchial tree. Two of these tracheal 
ulcers were followed by a perforation into the esophagus. We were 
able to collect only 12 instances of tracheo-esophageal fistula of 
syphilitic origin from the literature, and in i of these, Beeler’s case,^ 

* Received for publication November 4, 1933. 
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there is some doubt as to the correctness of the diagnosis. The 
author himself raises the question. Table I is a brief resume of the 
12 collected cases. The case which follows is an addition to that list. 


Report of Case 

Clinical History: The patient, a negress aged 42 years, v/as admitted to the 
Jefferson Medical College Hospital on Aug. 15, 1932. For 10 days she had had 
great difficulty in swallowing both solid and liquid food. This alarming symptom 
developed very suddenly and was associated with a violent paroxysm of cough- 
ing and considerable expectoration. Prior to this event, the patient had had 
some cough but no expectoration. For some time she had noticed some dyspnea 
which became progressively worse. The dysphagia had been so intense that 
not only the swallowing of solids and liquids, but also attempts to swallow 
saliva induced a violent fit of coughing and choking. Expectoration v/as pro- 
fuse, purulent, foul smelling, bloody, and at times contained foodstuffs such as 
milk, which was readily recognized. There v/as no pain in the throat or chest. 
Since the onset of illness the patient had lost weight rapidly. 

The previous medical history contained little of interest. The patient had 
had five children. There was no history of miscarriages. She had had three 
consorts. The personal and familial record of tuberculosis and malignant disease 
was negative. There v/as no history of swallowing escharotics or of the presence 
of a foreign body in the trachea or esophagus. 

Physical Examination: The patient was an extremely emaciated adult 
negress. The face was thin and pinched, the eyes sunken, the lips dry and 
parched. The skin was dry and harsh. There was remarkable freedom from 
dyspnea when the patient ■was quiet. She v/as not hoarse. 

The eyes reacted to light and accommodation and the pupils were equal. 

The mouth was rather dirty. Many of the teeth were decayed ; the gums and 
gingival margins were the seat of a low grade, suppurative process. The tongue 
was markedly coated. The tonsils were not diseased and there "^vere no paraly- 
ses affecting the tongue or soft palate. 

The mucosa of the larynx was pale. Motility of the arytenoid cartilage and 
the vocal cords was not impaired. The pjoriform sinus contained a small amount 
of saliva. No gross lesions were found in the larynx. Examination of the neck 
was essentially negative. The chest -was long and flat and because the patient 
had lost so much w’eight, the ribs stood out prominently. There was no asym- 
metry of the thorax and the expansion ■was equal on both sides. Vocal resonance 
and tactile fremitus were not abnormal and percussion elicited no areas of im- 
pairment. Breath sounds ■were vesicular in character and moist rales ■n’ere 
present at both bases of the lungs. 

The heart was not enlarged and auscultation elicited no adventitious sounds. 

The abdomen was rather markedly distended, the distention being chiefly 
confined to the upper half. The liver and spleen v/ere not palpable. No pain, 
tenderness, rigidity or signs of fluid were present. 

An examination of the extremities, including the testing of the reflexes, re- 
vealed nothing of importance. 

The superficial lymph nodes, including the epitrochlear nodes, v/ere palpable, 
small and hard. 
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The temperature was 99 F, the pulse rate 140 and the respiratory rate 28 
per minute, on admission. 

Special tests were made to determine the nature of the disability in swallow- 
ing,^ The patient was placed successively in the recumbent position, sitting 
position, on tlie right side and left side, and lying on the abdomen. While in 
each of these positions she was given a few sips of water to swallow. In the 
recumbent position she was able to swallow the water without difficulty. In the 
other positions the act of swallowing was accompanied by a violent paroxysm 
of coughing and expectoration of the swallowed fluid. A very brief but definite 
time intervened between the swallowing of the water and the onset of the cough. 

The roentgenological report is as follows: “There is no evidence of a pul- 
monary lesion. The heart and diaphragm shadows are normal. We were 
unable to get films of the patient’s swallowing function because every time we 
had her drink barium she had to cough. The barium gets down the pharynx, 
but instead of going down the esophagus, seems to be displaced so that it passes 
into the trachea, causing the patient to cough. However, I believe a very 
small amount of barium did get into the stoma cli. The area of obstruction seems 
to be at the beginning of the esophagus.” 

The laboratory reported a 4-}- reaction of the blood when tested by the 
Wassermann and Kahn methods. The blood count was as follows: hemoglobin 
65 per cent, erj^throcyte count 4,000,000, and leukocyte count 14,800. The 
sputum was repeatedly examined for tubercle baciUi but none was found. The 
results of other laboratory tests were unimportant. 

Esophagoscopy was performed and the report is as follows: “The pus was 
traced down to an opening in the esophagus which is partially covered by a 
necrotic flap. It is situated 21 cm. from the upper teeth, in the left quadrant 
of the esophagus. Air was forced through this fistula at each expiration and the 
necrotic flap blew in and out with the air current. The fistula is approximately 
2 cm. in diameter. A Rehfuss tube was inserted into the stomach by the aid of 
the esophagoscope for feeding purposes.” (See Fig. i.) 

The patient was given antiluetic treatment but became progressively worse. 
The temperature mounted to 105° F and symptoms of bronchopneumonia super- 
vened. Death took place 5 days after admission. 

Postmortem Examination 

The body is that of an extremely emaciated adult colored female, 
aged 42 years. The lips are dry, the tongue coated, the teeth par- 
tially decayed and about the gums there is some pyorrhea. Super- 
ficial lymph nodes of the neck, axilla, groin and epitrochlears are 
small and hard. 

Pleural, pericardial and peritoneal membranes are smooth and 
glistening and the respective cavities contain no excess of fluid. 
There is a mass filling the entire superior mediastinum. The thoracic 
contents are removed en masse. 

Superior Mediasthiwn and Contents: The lymph nodes of the 
superior mediastinum are enlarged and firm, and are embedded in a 
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firm fibrous mass that also binds the other structures, vessels, trachea 
and esophagus together. On section the lymph nodes are yellowish 
white, firm, homogeneous, slightly granular and opaque. On the 
inferior aspect of the arch of the aorta there is a small aneurysmal 
pouch I cm. in depth. The endothelium of the vessel in this pouch 
is scarred, puckered and white, making a distinct contrast beside 
the yellow color of the intima of the aorta. 

Trachea: The trachea is adherent to the esophagus and the other 
structures of the mediastinum. On section a large, circular, ragged 
ulcer measuring 6 cm. in its greatest diameter is found (Fig. 2). This 
ulcer is on the left posteriolateral aspect, reaching from the level of 
the first to the eighth tracheal rings. The margins of the ulcer are ir- 
regular, and slope down to the base in a step-like manner. The floor 
of the ulcer is ragged, dull, green and friable. The tracheal cartilages 
in the ulcerated area have completely sloughed and there is no ves- 
tige of them remaining. In the center of the ulcer there is a perfora- 
tion 2 cm, in diameter, which communicates with the esophagus. 
The tracheal side of the perforation is surrounded by ragged friable 
shreds of tissue. The firm adhesions between the two organs have 
prevented leakage of contents into the mediastinal space. 

Esophagus: At the upper end of the esophagus there is an oval- 
shaped perforation 2 cm. in diameter which commimicates with 
the trachea (Fig. 3). The margin of the stoma is slightly elevated, 
fairly firm, quite red and clean cut. The remainder of the esophagus 
presents no gross pathological lesions. 

Lungs: Both lungs are edematous and throughout there are nu- 
merous, small, red, firm areas of consolidation that fade impercep- 
tibly into the sound tissue. The mucosa of the bronchi is swollen 
and red and the bronchi are fiUed with yellow purulent material. 
No gross lesions of tuberculosis are present. 

Heart: Weight 470 gm., measurements 15 by 9 by 6 cm. The 
organ is of moderate size and there is slight hypertrophy of the left 
ventricle, otherwise it has no demonstrable pathological lesions. 
The aorta has no lesions of consequence except the small aneurysm 
described above. 

Diaphragm: This appears to be without pathological change. 

Spleen: Weight 150 gm., measurements 14 by 8 by 3 cm. No 
gross lesions are found, but considerable blood oozes from the cut 
surface. 
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Liver: Weight 1850 gm., measurements 28 by 24 by 7 cm. This 
organ is fairly large, flabby and chamois-colored. On section the 
parendiyma sinks beneath the cut edge and blood oozes from the 
cut surface. The left lobe gives the impression of being larger than 
usual. In the lower anterior portion there is a sharply circumscribed, 
irregularly shaped tumor measuring 7 cm. in diameter (Fig. 4). 
Its surface protrudes slightly above that of the liver and the 
mesentery is adherent to it. The tumor is pale yellow, firm and 
nodular. On section it is pale yellow, firm, homogeneous, dull, 
opaque and slightly granular. At its center there is some necrosis 
with softening. 

Kidneys: The right kidney weighs 150 gm. and measures ii by 6 
by 4 cm.; the left weighs 120 gm. and measures 10 by 6 by 4 cm. 
They are somewhat red and on section considerable dark red blood 
oozes from the cut surface. 

The following organs show no gross pathological lesions: gall- 
bladder and biliary ducts, adrenals, pancreas, ureters, bladder, stomach, 
small and large intestine, and the abdominal lymph nodes. 

Uterus: A few small, subserous myomas are present which 
measure about 0.5 cm. in diameter. The ovaries are fibrosed. The 
fallopian tubes are dilated, tortuous and adherent to the ovaries. 
They contain no pus or other fluid. 

Microscopic Examination 

The lesions that are of particular interest histologically are those 
of the trachea, thoracic lymph nodes and liver. Microscopically the 
ulcer of the trachea consists of a central necrotic area and a marginal 
cellular zone. In the marginal zone there is a decided increase in 
fibrous tissue and capillaries. The tissue, particularly about the 
vessels, is infiltrated with cells of inflammatory origin, with a pre- 
ponderance of fibroblasts, epithelioid cells, lymphocytes and other 
mononuclear cells. In addition to these there are many plasma cells, 
pol)Tnorphonuclear leukocytes, eosinophiles and a few giant cells. 

The lymph nodes have a lesion histologically similar to that of 
the tracheal ulcer. In addition the structure of many of the nodes is 
completely replaced by fibrous tissue. There is also some deposition 
of carbon particles present. 

The tumor of the liver has the microscopic structure of a granu- 
loma. There is a central area of necrosis and a marginal zone of in- 
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flammatory reaction. At the periphery of the lesion the fibrous 
tissue is greatly increased and is compressing the liver cells, which 
are atrophied. Here and there in the tissue the bile ducts have pro- 
liferated. At the very margin of the necrotic area there are many 
newly formed capillaries which are filled ■with blood. About these 
and in the tissue adjacent to the necrosis are numerous cells of in- 
flammatory origin. These are fibroblasts, epithelioid cells, lympho- 
cytes, mononuclear cells, polymorphonuclear leukocytes and a few 
plasma cells. Giant cells are present but few in number. Sections 
from all of these tissues were stained for tubercle bacilli but none was 
found. Preparations were made to demonstrate Treponema pallidum, 
for which a modification of Warthin’s technique ^ was employed. 
None was demonstrated (Fig. 5). 

The histological studies of the lesions of the other organs are not 
of sufficiently unusual character or importance to detail their de- 
scription here. The folio-wing gross and microscopic anatomical 
diagnoses were made. 

General Diagnoses: Tertiary S3rphilis; gumma of the trachea; 
tracheo-esophageal fistula (syphilitic) ; chronic syphilitic lymphad- 
enitis; gumma of the mediastinal lymph nodes; early aneurysm of 
the aorta; bronchopneumonia; acute suppurative bronchitis; myo- 
cardial fibrosis; gumma of the liver; passive congestion of the liver, 
spleen and kidneys; subserous fibromyoma of the uterus, and 
chronic salpingo-oophoritis (non-tuberculous). 

Discussion 

The syphilitic nature of the lesion is established, we believe, be- 
yond reasonable doubt. The strongly positive Wassermann and 
Kahn tests, the concomitant gumma of the liver, incipient aortic 
aneurysm, gummas of the lymph nodes, absence of tuberculous 
lesions in the lung or elsewhere, and the failure to find tubercle 
baciUi in repeated sputum examinations or in the sections of the 
tissue lesion, make up the e'vidence upon which the diagnosis rests. 
In addition, the histological character of the lesions is of great im- 
portance. The rather marked increase of fibrous tissue, the vascular- 
ity of the lesions, scarcity of giant cells and general lack of orderli- 
ness in the marginal cellular area, differentiate it fairly well from the 
tubercle. Like MacCallum ® we are not con'vinced that a few giant 
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cells in these gummatous lesions mean an associated tuberculous 
lesion, as Baumgarten ^ believes. 

The combination of tracheo-esophageal fistula, gummas of the 
liver and l3anph nodes, and an incipient aneurysm is quite extra- 
ordinary. As far as we have been able to determine from the litera- 
ture this case is the only one with so many concomitant S3q)hilitic 
lesions. Von Fraenkel ^ quotes a case reported by Curschman in 
which gumma of the liver was an associated lesion, Berger, as 
quoted by Conner,^ reports an instance in which gumma of the 
testicle was also present. Up to the time of death the gumma of the 
trachea and the subsequent fistula were the only lesions that pro- 
duced sjunptoms. The lesion of the liver and the aneurysm were 
discovered at autopsy. 

SUMILARY 

A case of tracheo-esophageal fistula of syphilitic origin is reported. 
Other lesions present were gummas of the liver and lymph nodes 
and incipient aneurysm of the aorta. 
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DESCRIPTION OF PLATES 

PlATE lOI 

Fig. I. Esophagoscopic appearance of the fistula. 

Fig. 2. Syphilitic ulceration of the trachea. 
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Tracheo-Esophageal Fistula of Syphilitic Origin 



Pirate 102 

Fig, 3. Stoma of the tracheo-esophageal fistula in the esophagus. 










Plate 103 


Fig. 4. Gumma of the liver. 

Fig. 5. (a) Microscopic section of the gumma of the liver. (//) Microscopic 
section of the tracheal ulcer, (c) Microscopic section of the thoracic lymph 
node. 
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MYXOMA OF THE HEART VALVES * 


REPORT OF A CASE 
Thomas C. Jaleski, M.D, 

(From the Pathological Laboratory, St. Luke's Hospital, New York, N.Y.) 

Although all tumors of the heart are rare, primary tumors of the 
heart do occur in the form of either sarcoma, fibroma, lipoma, 
myoma or myxoma, or combinations of two or more of these. With 
the exception of sarcoma these tumors tend to be benign. There has 
been considerable confusion and controversy about the classifica- 
tion of myxoma and fibroma of the heart ever since Czapek ^ as- 
serted that many of the alleged myxomas of the heart were really 
organized thrombi. Thorel,” Stahr,® and Husten ^ concurred with 
Czapek in this opinion, while Ribbert,® Link,® Mandelstamm,'^ and 
Hagedorn ® presented strong arguments in favor of the neoplastic 
nature of these tumors. The differentiation is made difficult by the 
microscopic similarity between myxoma and organized thrombi. 
Both show a homogeneous, poorly cellular matrix, and both are 
covered with endothehum. They differ, however, in that the 
m3^omas are avascular, and usually have mucin and elastic fibers 
present, while organized thrombi are vascular, generally contain 
degenerated blood pigment, and have neither mucin nor elastic 
fibers. When these differences are considered, along with the gross 
appearance, there is little room for argument, for the organized 
thrombus is typically a smooth flat tumor with a broad base and 
more or less evidence of contracture and scarring, while the myxoma 
is a pedunculated, lobulated tumor with a narrow base and no 
evidence of contracture. 

Although myxomas have been found in all chambers of the heart 
the sites of predilection are the interauricular septum of the left 
auricle and the heart valves. The myxomas that are found on the 
heart wall and septum are characteristically large tumors that may 
grow to a size sufficient to fill the entire chamber in which they are 
located and cause valvular insufficiency by occlusion of the valves. 

* Received for publication November 15, 1933. 
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Choisy ^ first described a heart polyp of the left auricle situated 
in the valvula foraminis ovalis. Within the next few years similar 
cases were reported by de Puisaye/^* LeGendre ” and Proust,^^ 
These tumors had the lobulated appearance and microscopic pe- 
culiarities of the m3o:oma. The valvular myxomas are more un- 
common than those in the heart wall and are much smaller, varying 
from 6 to 15 mm. in diameter. They resemble the larger growths in 
that they are pedunculated, but show a characteristic papillary 
structure which the larger ones do not have. They are found on all 
the heart valves but are slightly more common on the tricuspid 
valve, 

A total of 22 myxomas located on the heart valves have been re- 
ported. These are tabulated in the accompanying table. A con- 
sideration of the table mil show that these tumors may occur at 
any age from birth to old age, and in either sex. As a rule, they are 
found accidentally at autopsy, having failed to give rise to clinical 
signs or symptoms during life. 


Report op Case 

Clinical History: A. H., a negress, 62 j'cars of age, was admitted to St. Luke’s 
Hospital on Dec. 26, 1932 because of failing vision in both eyes. Except for a 
pelvic operation 8 years before she had always been well. 

The patient was an obese colored female with normal vital signs and, except 
for the eyes, normal physical findings. The pupils were equal, but both lenses 
showed large opacities. After a preliminary iridectomy the patient was dis- 
charged and readmitted 3 weeks later for a right cataract extraction, which was 
uneventful. On the 6th postoperative day she suddenly collapsed and showed 
the typical picture of circulatory failure, the blood pressure being 60/40 and 
the pulse feeble. Roentgenograms and electrocardiograms offered no assistance 
in making a diagnosis. She became steadily worse and died the next day. 


Postmortem ExAiiiNATioN 

The body was that of an obese colored female. The positive find- 
ings were limited to the heart and pericardial sac. On opening the 
pericardial sac about 100 cc. of cloudy fluid were seen. The pericar- 
dium was hemorrhagic, and covered with small tags of fibrin. The 
heart weighed 325 gm. and the left ventricle measured 1.5 cm. in 
thickness. None of the valves was thickened, and there was no 
evidence of endocarditis. On the anterior cusp of the tricuspid 
valve, situated in the middle of the valve and about 5 mm. from its 
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Summary of Previously Reported Valvular Myxomas 
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edge, was a small spherical tumor measuring 6 mm- in diameter and 
projecting 4 mm, above the surface of the valve, to which it was 
attached by a short wide pedicle. Its surface was finely nodular 
and it had a translucent gelatinous appearance (Fig. i). The coro- 
naries were thin and showed no evidence of sclerosis. 

Permission for examination of the brain was not obtained, but it 
was assumed that the patient died of a cerebral accident. 


Microscopic Examination 

The cusp containing the tumor was excised, and sections were 
prepared with hematoxylin and eosin, Van Gieson’s, thionin, mud- 
carmine, and Weigert’s elastic tissue stains. 

There is no microscopic thickening of the cusp, and there is well 
marked differentiation of the layers of the valve. A narrow pedicle 
attaches the tumor to the cusp, and the endothelium and elastic 
laminae are reflected onto the pedicle. The pedicle very shortly 
spreads out, and divides into two main limbs, from each of which 
numerous papilliform processes arise (Fig. 2). 

Stained with hematoxylin and eosin the tumor matrix is pink. 
There is a complete endothelial covering over the entire tumor. 
The papillae contain only a few cells and there are no blood vessels 
present; the pedicle, on the other hand, contains many stellate and 
spindle-shaped cells which have fine processes extending from them 
into the fine fibrillar groundwork present throughout the entire 
tumor (Fig. 3). 

The test for mucin with thionin is only faintly positive; the 
stain with mucicarmine, however, is strongly positive, the entire 
matrix taking a deep red stain. Van Gieson's connective tissue stain 
shows a large number of coarse, pink-staining fibrils in the pedicle 
which extend into the papillae and become lost. The presence of 
elastic fibers is proved by Weigert’s elastic tissue stain, which 
shows a large number of vertically placed, blue-staining fibers 
throughout the entire tiunor. 

The tumor presented then is one arising by a well circumscribed 
pedicle from the tricuspid valve, and which is free of any inflam- 
matory change. The tumor contains mucin and elastic fibers. Part 
of this tiunor, however, consists of hyaline connective tissue. 
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Discussion and Summary 

When a tumor is found on a heart valve it may be either a Lambl 
excrescence, a product of an inflammatory reaction or a neoplasm. 
Organized thrombi do not have to be considered, since they do not 
occur on valves. 

Lambl ^ first described the excrescences which bear his name as 
thread-like structures 2 to 3 mm. in diameter, occuring on the 
aortic valve. These are papillary in form and resemble myxomas 
microscopically. Koechlin^^ felt that all the valvular myxomas 
should be called Lambl excrescences. In examining 150 bodies he 
found thread-like growths on the valves in 20 per cent of the cases. 
However, aU the Lambl excrescences reported have occurred on the 
aortic cusps with the exception of 2 cases reported by Koechlin,^^ 
in which they were found on the mitral valves, and in these there 
was evidence of an old endocarditis present. Whereas Lambl ex- 
crescences are generally found in a heart exhibiting endocardial 
changes myxomas occur in hearts with a normal endocardium. 
Moreover, myxomas are larger, measuring 6 to 10 mm. in diameter, 
and are more compact. Inflammatory growths on the valves are 
generally accompanied by gross thickening of the valves, destruc- 
tion of valvular contours, and by microscopic scarring. 

If it be assumed, as did Ribbert ^ and Leonhardt,^® that true mucin 
occurs in a true tumor, and could come about in no other way, then 
these valvular growths can be readily differentiated by the various 
chemical and color reactions characteristic of mucin. Eibbert be- 
lieved that the myxomas were true tumors which originated from 
embryonic connective tissue, and that ultimately the mucoid tissue 
gave rise to fibrous tissue. The fibroma described by Hagedorn ® 
represents the endpoint in this development. 

Reitmann,^® on the contrary, believing that the myxomas rep- 
resented a stage of degeneration of connective tissue tiunors, desig- 
nated his case as a hyalofibroma. 

Whether the myxomas are really neoplasms, or whether they 
represent a degenerative process in connective tissue growths is 
stiU open to question. The fact is, however, that they do represent 
a group of tumors that occur in the heart, and have rather imiform 
morphological characteristics. 
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Note. I am greatly indebted to Dr. Francis Carter Wood and to 
Dr. Leila C. Knox for their encouragement and criticism through- 
out this work. 
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DESCRIPTION OF PLATES 


Plate 104 

. I. Heart showing a myxoma (A) attached to the tricuspid valve on the 
auricular surface. The right ventricle has been cut open. Approximately 
natural size. 
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Myxoma of Heart Valves 







Plate 105 

Fig. 2. Microscopic section showing a myxoma attached to the tricuspid valve, 
X 18. 

Fig. 3, Cross-.section of several papillae of the myxoma showing the endothelial 
cells covering them, and the poorly cellular matrix, x too. 
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MICROSCOPIC METASTASES IN THE THYROID GLAND * 
Caki, 0. Rice, M.D., M.S. 

(From the Department of Surgery, University of Min7icsota School of Medicine, 

Minneapolis, Minn.) 

Metastases from malignant growths to the thyroid gland, al- 
though somewhat infrequent, probably occur more often than has 
been supposed. In a series of 521 autopsies on patients dying from 
carcinoma Muller ^ found gross metastases in the thyroid gland in 
1.5 per cent. In another group of 102 postmortem examinations on 
patients dying from sarcoma he found metastases in 3.1 per cent of 
the thyroid glands. Elitain ^ found metastases in 3.1 per cent of the 
thyroid glands from autopsies on individuals dying of carcinoma. 
In 170 consecutive autopsies on persons with malignant tumors 
Willis ^ found thyroid metastases in 5.2 per cent. He mentions that 
only by careful routine sectioning of the gland was it possible for 
tiim to find such a high incidence of metastases. In half of his 10 
cases a casual bilateral section of the gland would have failed to dis- 
close these metastatic areas. Wegehn ^ does not consider metastasis 
to the thyroid gland an exceptional rarity, for he found it frequently 
in the material examined at the Pathological Institute of the Uni- 
versity of Bern. 

It is a weU known fact that certain types of malignant conditions 
select certain regions for their metastatic growths. Carcinoma of 
the thyroid, kidney and prostate seems to have a selective affini ty 
for metastasizing to bone, whereas carcinoma of the breast has a 
tendency to metastasize to the lungs. 

The causative factor for this pecuhar type of selective metastasis 
is not definitely established. Various mechanical theories have 
been suggested to account for the lodgement of malignant cells in 
certain areas. Likewise, to chemical factors has been attributed 
the principle role in determining the sites for the development of 
metastatic growths. Paget ^ speaks of certain tissues as being 
“congenial soil,” whereas Ewing ® has expressed an opinion opposed 
to this when he mentions that no organ is more adapted than any 
other for the growth of embolic tumor cells. 

* Received for publication December i, 1933. 
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Among the 57 autopsies with secondary carcinomatous growths in 
the thyroid gland reviewed by Willis, the primary tumor was most 
frequent in the breast. Next in frequency were the malignant melan- 
omas, and third, carcinoma of the lungs and bronchi. He suggested 
that the high incidence of this phenomenon secondary to carcinoma 
of the breast was in all probability due to the greater frequency of 
that disease. On this assumption it should be possible to give first 
and second place to malignant melanoma and carcinoma of the lungs, 
both of which are relatively infrequent tjqies of malignancy in the 
thyroid. Kaufmann’ and Eiselt® found a relatively high incidence 
in malignant melanoma. In 34 autopsies vdth thyroid metastases 
Wegelin found 6 arising from carcinoma of the esophagus, 5 from 
carcinoma of the lung, 5 from melanosarcoma, 4 from cardnoma of 
the stomach, and the others from a variety of sources. He men- 
tions that in the majority of instances the metastatic grov/ths in 
the thyroid are visible as definitely circumscribed nodules. 

Of all the men who have reported cases of malignant disease with 
metastases to the thyroid, none of them has found metastases that 
were not grossly visible. This paper is v/ritten for the purpose of 
demonstrating that microscopic metastases may occur in the thy- 
roid gland without any macroscopic evidence of their presence. 

Among 89 postmortem examinations from the department of 
pathology of the University of Minnesota on patients dying from 
malignant tumors there were embolic tumor cells within the thyroid 
gland in 9. The thyroid glands from all these patients were ex- 
amined grossly and microscopically. Five of these showed gross 
metastases: 2 were from patients dying of malignant melanoma, 

I from carcinoma of the lung, i from lymphosarcoma, and i from 
carcinoma of the breast. These carcinomatous nodules were easily 
identified on macroscopic inspection of the gland. The remaining 
4 cases presented, on gross inspection, no evidence of any tumor 
tissue or anything else to suggest the presence of malignant inva- 
sion. The essential details in the case histories of these cases are 
reported in the following case reports. 

Case Reports 

Case i. Mrs. E. F., (A-29-595), aged 44 years, v/as admitted to the Minne- 
sota General Hospital on March 28, 1929. A radical operation for carcinoma , 
of the breast had been performed 3 months previously. The patient died on 
April 17, 1929. 
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The postmortem examination revealed numerous metastatic 
nodules in the bones, liver and lungs. The thyroid gland weighed 34 
gm., and appeared normal in structure, with the exception of a few 
small colloid nodules and one large parenchymatous nodule measur- 
ing 15 mm. in diameter. There was no area, on gross inspection, 
that suggested malignant tissue. 

Microscopic examination of the thyroid tissue reveals normal 
acini. Scattered throughout in the interlobular septa there are 
groups of large, irregularly shaped, deeply stained, closely packed 
cells, among which occasional mitotic figures can be seen. The 
nuclei are large and the cells contain a small amount of cytoplasm 
(Figs. I and 2). 

The histological structure of the metastatic nodules from the 
liver is similar to the carcinomatous tissue observed in the inter- 
lobular septa of the thyroid. 

Case 2. Mr. F. R., (A-29-1323), case history not available. 

The thyroid gland weighed 27 gm. It was diffusely homogeneous 
in structure and appeared to be entirely normal. Neither nodules 
nor areas suggesting a mahgnant condition could be identified on 
gross inspection. 

Microscopic examination reveals normal th)T:oid acini. Here and 
there in the interlobular septa can be seen groups of large, pale 
staining, roimd and polyhedral cells. Some of these have large 
vacuolated nuclei and a large amount of cytoplasm. Mitotic figures 
are moderately abundant (Figs. 3 and 4). 

Case 3. Mrs. J. E., (A-29-285), aged 67 years, was admitted to the Ancker 
Hospital on Feb. 14, 1929, complaining of difficulty in breathing, dyspnea and 
a productive cough of 5 days duration. The most pronounced symptom was 
the cough. Dyspnea became more severe 2 days prior to admission to the hos- 
pital. She also gave a history of having had an ulcerated lesion on the right 
malar region for the past 9 months. 

On physical examination a superficial, ulcerated lesion i cm. in diameter 
was found over the right malar region and a similar lesion over the right man- 
dible. Examination of the chest revealed coarse moist rales over both lungs, 
but no evidence of consolidation. The blood pressure was 230/120. A clinical 
diagnosis of acute bronchitis, lat>mgitis, hypertension and carcinoma of the 
cheek was made. 

The X-ray report of the chest disclosed infiltration and fibrosis in both lungs. 
This was suggestive of pneumoconiosis, associated with tuberculosis, and pos- 
sibly bronchiectasis in both apices. 

The patient became rapidly weaker and died on Feb. 16, 1929. 
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The postmortem examination disclosed the indurated, ulcerated 
lesion on the cheek, but no section was made of this to determine 
its exact nature. The liver was enlarged. Some old adhesions were 
found in the pleural cavity. There were 400 cc. of fluid in the left 
pleural cavity and 200 cc. of blood-tinged fluid in the right pleural 
cavity. A large focus of consolidation was present in the right lung, 
and several large, anthracotic and caseous l3Tnph nodes were present 
at the hilum of both lungs. Microscopic examination of these tissues 
shows carcinoma. The lung was considered to be the site of the 
primary lesion. Its gross appearance did not suggest carcinoma and 
its presence was not suspected until sections were examined. The 
thyroid gland weighed 22 gm. Its structure was uniform. There 
were no nodules or any areas that could be interpreted as malignant 
on gross inspection. 

The microscopic structure of the thyroid acini appears to be nor- 
mal, Scattered throughout, in the interlobular septa, are found 
groups of large clear cells vrith enlarged granular nuclei and a pale 
staining cytoplasm. Mitotic figures are occasionally seen. Inter- 
cellular bridges are not observed. The cells are similar to those 
foimd in the sections from the lungs (Fig. 5), 

Case 4. Mrs. L. K., (A- 30- 754), aged 47 years, was admitted to the Ancker 
Hospital on April 25, 1930, complaining of distention v/ith gas, loss of appetite 
and exhaustion for the past 6 weeks. She had had no pain, nausea, vomiting, 
or food distress. 

Physical examination disclosed a slight bilateral exophthalmos. The liver 
was found to extend 7 cm. below the costal margin. A systolic murmur was 
heard along the sternum in the second left interspace. The knee jerks were 
hyperactive; Babinski test, normal. 

On May i, 1930, palpation revealed fullness in the left upper quadrant of the 
abdomen. The patient was drowsy and very restless. On May 4th she became 
stuporous and could not be aroused. She developed a left sided hemiplegia and 
became incontinent. The knee reflexes became increased on the left. The 
Babinski test was positive on the left. On May 8th there was definite neck 
rigidity. Pure blood was found in the spinal fluid. Tv/o hard lumps appeared 
on the head, one of which was located over the left frontal bone, the other in 
the right parietal region. On May 12th many fine rales w’ere heard in the lungs. 
The temperature varied from normal to 102.4 F. The pulse ranged from 80 to 
140. The hemoglobin was 55 per cent, erythrocytes 3,290,000, lymphocytes 
5600, differential count normal. 

The patient became progressively w’orse and died on May 12, 1930, 

At the postmortem examination it was found that the two nodules 
on the head were metastases in the cranium, extending into the 
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cranial cavity. Numerous grayish white nodules, which proved to 
be metastatic tumor tissue, were found within the substance of the 
liver, occupying approximately one-fifth of the liver volume. The 
gall-bladder contained numerous faceted stones and its wall was defi- 
nitely thickened and almost cartilaginous. This tissue proved to be 
carcinomatous and was thought to be the primary lesion. There was 
an area of pneumonic consohdation in the lower lobe of the left 
lung. Numerous metastatic nodules were found around the other- 
wise normal pancreas. The preaortic and mesenteric l3nnph nodes 
were invaded with metastatic tumor tissue. Pus was found beneath 
the arachnoid over the right hemisphere and there was softening 
of the entire right half of the brain. The thyroid gland was homo- 
geneous in structure and appeared grossly to be entirely normal. 
There was nothing to indicate the presence of metastatic tumor 
tissue. 

Microscopically the thyroid, acini appear normal. Scattered 
throughout in the interlobular septa can be seen groups of large 
basophihc cells with large, round and polyhedral nuclei, and a 
moderate amount of pale staining cytoplasm. In other places these 
cells are darker and more spindle-shaped. Mitotic figures are 
abundant. The mahgnant cells are similar to those found in the 
gall-bladder, liver and lymph nodes (Fig. 6). 

Discussion and Conclusions 

These cases illustrate the occurrence of a type of metastasis that 
is often thought of as a precursor to the gross metastatic nodules, 
but which is infrequently seen in pathological specimens, probably 
because of the prevailing tendency to make histological sections 
only where gross pathological changes are visible. 

In all these cases macroscopic inspection of the gross specimen 
failed to give any intimation that there were metastases in the thy- 
roid gland. Although it is probable that this type of metastasis 
occmrs frequently, a search of the literature has failed to reveal any 
reports of a similar nature. 

The incidence of gross metastases in the thyroid gland, as re- 
ported by other writers, ranges from 1.5 per cent to 5 per cent. 
These figures compare favorably with those in this report when the 
cases with microscopic metastases are not included, but otherwise 
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the incidence approaches lo per cent. It may be assumed then that 
microscopic metastases in the thyroid gland occur almost as fre- 
quently as gross metastases in this organ, and in all probability the 
incidence of metastasis is much greater than has been reported in 
the literature. 
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DESCRIPTION OF PLATE 
Plate 106 

Fig. I. Case i. Photomicrograph showing the microscopic structure of the 
thyroid gland with groups of deeply stained carcinomatous cells invading 
the interlobular septa. 

Fig. 2. Case i. High power magnification from the same section as Fig. i, 
depicting a few’ of the groups of tumor cells, Tw’o thyroid acini are 
seen at the right of the picture. 

Fig. 3. Case 2. Photomicrograph showing interlobular septa filled with large 
and small groups of tumor cells. Thyroid acini normal. 

Fig. 4. Case 2. High power magnification from the same section as Fig. 3. 
Mitotic figures are seen on the left side. 

Fig. 5. Case 3. Photomicrograph showing thyroid acini which appear normal. 
The interlobular septa is occupied by groups of carcinomatous cells. 

Fig. 6. Case 4. Photomicrograph showing interlobular septa filled with densely 
packed groups of tumor cells. Thyroid acini appear normal. 
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SARCOSPOREDIA IN THE MYOCARDIUM OF 
A PREMATURE INFANT* 

REPORT OF A CASE 
Arthur T. Hertig, M.D 

{From the Department of Pathology, Harvard University Medical School, and the 
Laboratory of Pathology, Childre7t’s and Infants’ Hospital, Boston, Mass.) 

•Review of Literature 

Scott, ^ in a critical review of the sarcosporidia, summarizes our 
present knowledge of this group of parasites. The sarcosporidia are 
protozoa of unclassified position, found almost exclusively in the 
striated muscles of birds, reptiles and mammals, including man. 
Miescher ^ in 1843 first described the parasite in the muscles of the 
mouse. The genus Sarcocystis was created in 1882 by Lankester.® 
Since then at least 43 species have been described from an almost 
equal number of hosts. Whether these are all true species or whether 
only one or a limited number of species exists is not known. Prob- 
ably there are several species, since some are transmitted to other 
hosts with difficulty. Darling^ and others, however, have shown 
that at least two hosts may be parasitized by the same species, al- 
though in the transfer to a new host certain morphological changes 
occur in the parasite. 

In the opinion of most investigators natural infection is through 
the digestive tract by means of contaminated food, although the 
exact details are not known. The first successful transmission by 
feeding was obtained by Theobald Smith ^ in igoi, who was able 
to infect 63.6 per cent of gray and white mice by feeding them muscle 
from previously infected animals (mice). Negre® and Crawley^ 
have both shown that feces of infected mice are capable of causing 
the disease when ingested by other mice. The infective stage in this 
instance is a spore, resistant to heat and dr3dng. Erdmann ® stated 
that in the intestinal tract the spore hberates a small ameboid form 
which penetrates the epithehum. It then multiplies within the 
various portions of the gut wall and surrounding lymphatics to ap- 

* Received for publication December 6, 1933. 
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pear finally 28 to 30 days later in the striated muscles. The various 
stages within the striated muscle fibers are known largely from the 
works of Theobald Smith, Scott ^ and others. 

Human Cases 

The first probable instance of infection with sarcosporidia in man 
was reported by Lindemann ** in 1868, as occurring in the heart 
valves and myocardium. These were interpreted as gregarines but 
Fantham, Stevens and Theobald consider them sarcosporidia. 
The latter authors doubt the authenticity of Rosenberg’s case of 
sarcosporidia,^^ occurring in the mitral papillary muscles in the 
heart of a woman 40 years of age, dying wth pleuritis and endocardi- 
tis. Fantham, Stevens and Theobald also cite 2 cases reported by 
Koch in 1887, and by Vuillemin in 1894, respectively. The location 
of the parasite in the case reported by Koch was not stated, while 
in the case reported by Vuillemin the parasite occurred in the volun- 
tary muscles of a patient dying of tuberculosis. Cone’s report in 
1922 of the parasites associated with yeasts in multiple bone cysts 
is a disputed case. The imdoubted cases occurring in the human are 
best summarized in the accompanying table. 

It is the purpose of this paper to report the incidental finding of 
a sarcosporidial infection in the myocardium of a premature infant. 

Report of Case 

Clinical History: A 10 day old, white, female infant, w'hich was born 2 
months prematurely, was brought to the hospital with a history of having had 
loose stools since birth and ulcerations of the buttocks for 2 days. Since birth 
it had been fed by a medicine dropper on a very weak, whole milk, dextri- 
maltose and water formula. Physical examination revealed emaciation, and 
ulceration of the buttocks. On the 6th day after admission an omphalitis became 
apparent, with discharge of thick yellow purulent material from the umbilicus. 
The latter, along with the diarrhea, became progressively worse and the baby 
died 16 days after admission with signs of a terminal bronchopneumonia and 
cardiac dilatation. 


Postmortem Examination 

Postmortem examination (A-32-163) revealed a poorly nourished 
premature infant measuring 40 cm. in length. Purulent exudate 
filled the proximal end of the umbilical vein. Multiple abscesses 
yielding Staphylococcus aureus a.n6. Bacillus coli occurred in the cortex 
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of both cerebral hemispheres, and to a less extent throughout the 
brain. The lungs showed a bilateral terminal bronchopneumonia 
with atelectasis and compensatory emphysema. Microscopic foci of 
necrosis were found in the myocardium, liver and spinal cord. Small 

Table I 


U ndoiihtcd Cases of Sarcosporidiosis * 


Author 

Year 

Age 

Organ 

Kartulis 

1893 

1894 
1909 
1920 
1924 
1927 

1927 

1928 

1929 

1933 

yrs. 

Adult 

Abdominal muscles 
Laryngeal muscles 

Biceps 

Tongue 

Myocardium 

Myocardium 

Pectoral muscles 

Baraban and Saint-Remy^^ 

Adult 

Darling 

20 

Darling 

30 

Adult 

Manifold 

Lambert 

32 

Adult 

** Vasudevan 

♦♦Naidu^o 

55 

Adult 

Pectoral muscles 

Bonne and Soewandi^^ 

Cavernous hemangioma 
Myocardium 

Hewitt ^ 

! Adult 



* An additional human case of sarcosporidiosis, reported by Price, R. M., in the 
/. Kansas M. Soc., 34, 132-T3S, has come to my attention since tiiis paper was written. 
** These two possibly represent reports of the same case. 


Table II 


Comparative Measurements of Parasite in n made hy Various Authors 


Author 

Cysts 

Spores 

Length 

Diameter 

Length 

Diameter 

Baraban and Saint-Remy 

150-1600 

77-168 


• • * 

Darling (Case i) 

84 

27 

4.0 

1 .0 

Manifold 

37-57 

26-45 

10.9 

1.6 

Lambert^® 

82 

31 

7.2 

2 - 2.5 

Vasudevan 

S -3 cm. 

322 

3.3 

1.6 

Naidu«> 

195-240 

. . • 

12 . 7 

4.4 

Hewitt 22 

190 

50 

5.0 

2.0 

Hertig 

1 1. 2-45 

7.4-13 

3.7 

1.8 


foci of purulent meningitis were found over the cerebral cortex, as 
well as a slight acute inflammatory reaction throughout the brain 
substance. The lungs, in addition to bronchopneumonia, gave mi- 
croscopic evidence of aspirated amniotic sac contents. The pan- 
creas showed slight, diffuse, acute inflammation with inspissation 
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of secretion in the finer ducts. Moderate numbers of sarcosporidia, 
including many in the early stages, were found microscopically in 
the myocardium. In no instance was there cellular infiltration in 
response to the presence of the parasite, although independent foci 
of necrosis were found. Examination of other striated muscle (dia- 
phragm) revealed no parasites. 

Description op Parasite 

The lateral portion of the left ventricle, taken during a routine 
postmortem examination, was the source of the material. The 
parasites were identified by Professor S. B, Wolbach in studying the 
microscopic preparations. Sections stained by eosin and methylene 
blue, from material fixed in Zenker’s fluid, gave the clearest his- 
tological detail, although hematoxylin and eosin, Giemsa, iron 
hematoxylin and Foot’s reticulum stains were also made. The para- 
sites were moderately numerous throughout the myocardium, 
averaging i per low power field. They lay within the myocardial 
fibers as sharply demarcated, oval bodies varying from 7.4 by 
11.2 ju to 13 by 45 ;i, with the long axis parallel to that of the surroimd- 
ing fiber. The parasites, as seen in individual sections, were com- 
posed of closely packed, oval or spindle-shaped spores varying from 
6 to 100 in number. No definite wall could be seen in the forms pos- 
sessing less than 13 spores, although beyond that stage a hyaline 
wall or capsule averaging less than i/x in thickness was present. 
Occasionally, due to artifact, the cyst wall was pulled away from 
the surroimding muscle fiber and thus could readily be seen. No 
septa were seen in any of the forms studied. Slightly over 30 per 
cent of the parasites in this preparation contained from 6 to 13 
spores, with the higher numbers predominating slightly, although 
approximately 10 per cent contained between 50 and 100 spores. 
The spores averaged 1.8 by 3.7/i in size. The basophilic nuclear mass 
was irregular and occupied an eccentric position, often filling one 
end of the spore. No nuclear membrane could be made out, although 
the spore membrane was quite definite. Very rarely a suggestion 
of a minute extranuclear basophilic mass could be seen at the end 
of the spore opposite the nucleus. At no place in the myocardium was 
there any inflammatory response to the parasites. The remainder 
of the myocardium was essentially negative, except for fod of necro- 
sis assodated with the staphylococcus septicemia. 
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Discussion 

This case is of interest because of its occurrence in a premature 
infant and the early stage of development of the sarcosporidial cy^sts. 
Even in experimental studies it is uncommon to find sarcocysts with 
fewer than 8 spores, although moderate numbers of the forms studied 
here were of this type. The method of infection is unknown. How- 
ever, since the infant was 26 days of age at death the infection could 
have been contracted shortly after birth, because the stage of de- 
velopment coincides very weU with that seen in animals 26 to 29 
days after ingestion of the infective spores. Theobald Smith ^ and 
Scott ^ state that intra-uterine infections do not occur in the lower 
animals, although this metliod cannot be ruled out in this case. 
Since mouse feces are known to be infective and since indigenous 
mouse infections may be common, this might have been a source of 
infection. 

Summary 

A case of sarcosporidiosis involving the myocardium of a 26 day 
old premature infant is reported. This was an incidental finding in 
the routine microscopic study of postmortem material. The mode 
of entrance of the parasites into the body cannot be stated with 
certainty. 
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Fig. I. Sarcosporidial cyst in the myocardium of a premature infant, x 1300. 
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OCCURRENXE OF AMITOIDOSIS IN* RABBITS 
EXPERI^fEXTALLV INFECTED \XTm TUBERCULOSIS * 


RoBtT- yt. TnoMAS, MJ>. 

(Frcrt th Ijibcrctcr-a cf Ike Reek/feV.er InetlSuiefcr Mciicd Resezreh, 

Xae Yerk, N.r.) 

Amyloid degeneration of the spleen,, liver and kidne3-s has long 
been known to occur in the course of chronic wasting diseases, par- 
ticularty in those in whicli suppuration is present. Chronic tuber- 
culosis fulfills botli of these conditions, and most cases of amyloid 
degeneration are found in this disease. Hjguchi,^ in assembling 
the autops\’ findings of his own and of other European hospitals, 
found in a total of 72,050 autopsies 1160 cases of am\*loid degenera- 
tion, of which 75.5 per cent were in tuberculous cases. Von Schrot- 
ter,‘ in a scries of 3716 tuberculous autopsies, found 221, or approxi- 
mately 6 per cent, affected vath amyloid degeneration. In contrast 
to this are the figures published b\' Cummins ^ from a smaller series, 
in W’hicli he found 123 cases of am\*loid degeneration in a total of 
236 autopsies on tuberculous patients. It may be noted that Cum- 
mins stated in his publication that he used a specific stain (meth\*l 
xnolet) in examining the sections, whereas the above authors make 
no note of ha\ang used specific stains. Excellent re^'iews of the 
chemistiy^ and of the histopatholog}*, together with bibliographies 
of the older literature, have been published by Schmidt,’ Wells and 
Long,® Edens®’"’ and Da\*idsohn.®’® 

The material for the present study consisted of a group of 175 
rabbits that had been infected vrith bovine tubercle bacilli and 
allowed to die of their infection. Gross and microscopic e.xamination 
of the tissues was made in each case. Sections were stained with 
hematoxylin and eosin as routine, and in addition with azocarmine 
and aniline blue (Heidenhain’s modification of Malloiy’’s aniline 
blue stain) and, in a few instances, with Congo red according to the 
method of Bennhold.^® The average length of life of the animals 
after infection was 6.7 months, with a lower lunit of 2 weeks and 
an upper limit of 20 months (see Chart i). 

* Received for publication December 7, 1933. 
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Rabbits that died during the first 2 months after infection did not 
show any amyloid changes, despite the fact that they were suffer- 
ing from a widespread tuberculosis. It may be noted in this connec- 
tion that at this time caseation is not a pronounced factor. In the 
3rd month the incidence of amyloidosis was 23 per cent, in the 4th 
month 55 per cent, and in the succeeding months between doper 
cent and 87 per cent. Of all the animals that survived beyond 
2 months after infection 62 per cent showed amyloid degeneration 
of one or more organs, while of those that survived 8 months or 


Uo. o[ animals 



longer 75 per cent were involved. The incidence by months is 
graphically shown in Chart 1. 

The spleen, liver, and kidneys showed the greatest involvement. 
The mesenteric lymph nodes were never extensively involved and 
in but a few cases was any amyloid found in the lymph nodes. The 
spleen was most frequently involved, and in a number of animals 
was the only organ affected. The early changes in the spleen con- 
sisted of a deposition of amyloid substance in the capUlary walls 
at the edge or border of the malpighian corpuscles, forming in sec- 
tion a “rim” aroimd the follicle. Later, extension occurred toward 
the center of the follicle, leaving finally the central artery with but 
a remnant of lymphoid tissue about it. The capillaries of the fol- 
licle, surrounded as they were by masses of amyloid substance, fre- 
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quently remained open and did not show constriction of their lumens. 
In approximately half of the cases the amyloid was not confined to 
the follicles but had also involved the pulp, so that the entire organ 
was a mass of amyloid material. There was no increase in weight 
of the spleens in the affected animals. The average spleen weight in 
the affected group was 1.5 gm., and in the imaffected group 1.56 gm. 

In the fiver amyloid deposits were found between the endothelium 
lining the fiver sinusoids and the fiver cells, and occasionally in the 
media of the central veins. In severe cases the fiver cells were 
•thinned out and practically obliterated by the encroachment of the 
amyloid substance upon them. No evidence of vascular obstruction 
was noted in any of the cases, although this feature, terminating in 
extensive hemorrhage and rupture of the fiver, is common in “anti- 
toxin ” horses that develop amyloid disease of the fiver.^^’ ^ 

The kidneys were found to be less frequently involved than the 
spleen or fiver. Amyloid deposits were found in the capillary tufts 
of the glomeruli, sometimes involving but one loop and sometimes 
the entire glomerulus. In several severe cases aU of the glomeruli 
were so involved, with attendant atrophy and degeneration of the 
tubules. 

The kidneys and fivers of these animals were not weighed at 
autopsy. There were no gross evidences of amyloidosis save for an 
increased firmness of the organ. Microscopically there was no evi- 
dence that in either the fiver or kidney amyloid deposits tended to 
form in large aggregates. 

The clinical course of the disease seemed not to be affected by the 
occurrence of amyloidosis. The changes in the white blood cells 
and the red blood cell count were not significantly different in the 
two groups. There was no increased cachexia in the affected group 
of animals. As regards the effect of amyloid degeneration of the 
spleen, fiver and kidneys upon the length of survival of the animals 
after infection, it is seen in Chart r that the distribution of amyloi- 
dosis was not confined to any age group; and that the unaffected 
group (exclusive of those that died in the first 2 months) lived an 
average of 6.7 months, while the group in which amyloid was found 
survived an average of 8.5 months. These figures indicate that 
amyloid changes are a function of chronicity rather than an un- 
toward incident or complication in the course of the infection. On 
the other hand, the examination of the autopsy records showed that 
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amyloid changes were more frequently found in those animals with 
extensive caseation. While the extent of pulmonary tuberculosis 
was approximately the same in the two groups, in the unaffected 
group only 23 per cent showed tuberculosis with caseation of the 
testicle and 64 per cent similar tuberculosis in the kidney. In the 
animals with amyloid changes, however, the testicles were involved 
in 96 per cent of the cases and the kidneys in 81 per cent. In rab- 
bits experimentally infected with tuberculosis the testicles and kid- 
neys are both prone to undergo rapid and extensive caseation and 
in severe cases may together contain 50 to 60 gm. of caseous material. 

In but 3 cases did there appear to be sufficient involvement of the 
liver or kidney to account for the death of the animal. The fact 
that the group of animals that showed amyloid degeneration and 
more extensive lesions with caseation survived, as a group, longer 
(1.8 months) than the unaffected group is but an expression of the 
fact that amyloid degeneration is a function of chronicity, so that 
given indefinite survival the incidence would approach 100 pe/ cent. 
The relation between extent of disease and survival time after in- 
fection with tuberculosis is by no means clear, and this is particu- 
larly true in experimental tuberculosis where the actual causes of 
death are frequently obscure. 

SUMMAEY 

1. Amyloid degeneration occurred in 52 per cent of 175 rabbits 
experimentally infected with bovine tubercle bacilli. 

2. The occurrence of amyloidosis was restricted to animals sur- 
viving longer than 2 months after infection. 

3. The frequency of occurrence was greatest after the 8th month 
(75 per cent). 

4. The organs affected were the spleen, liver and kidney, the 
spleen being most frequently affected. 

5. There was a imiform tendency for the deposition of amyloid 
to occur in those animals that showed the most extensive caseation 
of their lesions. 
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A STUDY OF THE ACTION OF A FILTRABLE STAPHYLO- 
COCCAL TOXIN ON THE KIDNEYS OF NORMAL RABBITS * 


R. H. Rigdon, M.D., A. L. Joyner, f and E. T. Ricketts 

{From the Departments of Pathology, Bacteriology and Biochemistry, Duke University 
School of Medicine, Durham, N.C.) 

During a study of the action of a staphylococcal toxin on leuko- 
cytes in vivo and the subsequent changes produced in the femur bone 
marrow of normal rabbits ^ it was noted at the time of autopsy that 
some of the animals had extensive necroses of the cortical portion 
of the kidneys. It was thought that this observation deserved 
further study and this is the experiment to be submitted. 

So far as we have been able to determine Neisser and Levaditi^ 
in 1900 were the first to produce necrosis in the kidneys of rabbits 
by the intravenous injection of staphylococcal toxins. Following 
the publication of this work httle attention was given to staphy- 
lococcal toxins until the revival of interest, which began a few 
years ago following the experiments of Juha T. Parker Weld. Subse- 
quent to her reports we have been able to find only two references 
to necrosis in kidneys after the intravenous injections of staphy- 
lococcal toxins: one was by Weld and Gunther^ in 1931, and the 
other was by Forssmann in 1932. From a study' of the Kterature it 
is evident that the kidney lesions produced by the intravenous injec- 
tions of staphylococcal toxins have not received due consideration. 

Methods and Materials 

Animals: The animals used in these experiments were normal adult rabbits. 

Toxin: The toxin was prepared by the method described by Parker, Hop- 
kins, and Gunther,® with a few unessential modifications. 

Organism: A hemolytic Staphylococcus aureus was the organism from which 
the toxin was prepared. This staphylococcus had been isolated from the throat 
of a patient who presented the classical lesions found in agranulocytic angina. 
The cultures of this organism were grown on blood agar. 

Procedure: The rabbits were given either a single intravenous injection of 
toxin each day until death, or the injections were made daily over a period of 
10 to 12 days. The initial dose was usually 0.5 cc. with subsequent increase in 
dosage to as high as 5 cc. 

* Received for publication December ii, 1933. 

t Fellow, The Henry Strong Denison Medical Foundation. 
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The usual procedure was to inject from 0.5 to 3 cc. of the toxin intravenously 
and study the kidneys at autopsy. In a few cases one kidney was removed 6 
days after a single injection of the toxin and the animal was killed 13 days 
later for comparison of the kidney lesions. 

Control Experimbnt: Sterile peptone broth was injected intravenously into 
the ear veins of normal rabbits for control of our experiment. The time of the 
injections and the amount of broth corresponded to the injections of the toxin. 

Blood Analysis: Chemical analyses were made on the blood of rabbits to 
determine the carbon dioxide combining pov/er of the blood and the content of 
non-protein nitrogen, chlorides, glucose and uric acid. Tv.'o cc. of blood were 
usually taken before each injection of the toxin. It was impossible to obtain a 
sufficient quantity of blood each day for the above determinations. Ten to 
15 cc. of blood were obtained from the ear veins 4 to 5 days before the toxin 
was given and a similar amount was taken from the heart a few minutes be- 
fore death. Since non-protein nitrogen of the blood was the only element that 
showed any constant variation from the normal, the remaining constituents 
that were determined are not included in this report. 

Autopsies: A complete autopsy was performed and the tissues were fixed in 
Zenker-formalin and formalin. 

Stains: Sections of the kidneys were stained routinely with hematox>din and 
eosin and certain sections were stained for connective tissue by Mallory’s aniline 
blue method and with scharlach R for fat. 


Experimental 

Eighty rabbits were given injections of staphylococcal toxin and 
of this group 58 animals died, and the other 22 rabbits were killed. 
Eighteen rabbits received intravenous injections of sterile peptone 
broth without a single death. The amount of toxin given and the 
length of time elapsing before death varied in the groups of rabbits. 
Some of the animals died immediately after the intravenous injec- 
tion of 0.5 cc. of the toxin, while other rabbits received as much as 
22.5 cc. over a period of 9 days before death occurred. The animals 
that received an initial dose of 2 to 3 cc. of the toxin usually died 
in 3 to 5 hours. Three rabbits that were given 0.5 cc. of the toxin 
and operated upon 6 days later showed only microscopic lesions in 
the kidneys, which will be described below. 

The acute lesions produced in the kidneys varied in extent; how- 
ever, the general process was always the same. The lesions may be 
divided into three groups. 

In Group i are those rabbits that died ■within 12 hours after the 
first injection of the toxin. The kidneys of these animals were nor- 
mal in the gross. In the microscopic sections the glomerular tufts 
are swollen and the capillary loops are dilated and filled "with red 



ACTION OF A FILTRABLE STAPHYLOCOCCAL TOXIN 


427 


blood cells (Figs, i and 2). In some of the glomeruli there is an 
accumulation of an albuminous material in the space between the 
tuft and the capsule. The epithelial cells lining the tubules are swol- 
len, especially in the convoluted tubules and in the loop of Henle. 
These swollen cells not only diminish the size of the lumens of the 
tubules but often occlude them. In the lumens of some of the tubules 
there is some albumin. 

In Group 2 the kidneys in the gross were swollen and purplish 
red in color; on the cortical surface small, irregular, yellow areas, 
which extended downward into the deeper layer of the cortex, 
could be seen. In the microscopic sections the epithehal cells lining 
the tubules are swollen and necrotic and often form epithelial 
casts. Many of the epithelial cells that remain are filled with large 
hyaline droplets. In addition to the desquamated epithelial ceUs 
in the tubules there are many hyahne casts, hyaline droplets and 
albmnin. A few red blood cells are present in the lumens of some 
of the tubules. The endothehal cells are slightly swollen in the capil- 
lary loops of the tufts; however, the loops are not distended with red 
blood cells, but show a few hyaline thrombi. In the space between 
the tuft and the capsule in some glomeruli there are occasional large 
degenerated cells and a few red blood cells. Polymorphonuclear 
leukocytes and large mononuclear cells are present in some of the 
glomeruli and similar inflammatory cells are present in areas of the 
interstitial tissue. The yellow areas noted in the gross (Fig. 5) in 
the cortex of the kidneys have the appearance of infarcts, although 
only rarely are blood vessels occluded by thrombi. The glomeruli, 
tubules and interstitial tissues are necrotic and many polymorpho- 
nuclear leukocytes are present in some of the yeUow zones (Fig. 6). 

In Group 3 the kidneys resembled grossly those in the second 
group; however, the cortical surface here was yellowish brown in 
color and the necrosis was diffuse, involving the entire cortex. When 
the kidneys were sectioned there was a definite line of demarcation 
between the necrotic cortex and the better preserved medulla. The 
histological changes in the kidneys in this group are essentially the 
same as described in Group 2 ; however, the process is more diffuse. 

In the group that received a single injection of 0.5 cc. the kidneys 
removed 6 days later were grossly normal; however, microscopically 
they show focal areas in which the epithelial cells lining the tubules 
have undergone degeneration (Fig. 3). That these lesions are of a 
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transient nature is indicated by the fact that examination of the re- 
maining kidney, removed at autopsy 13 days later, shows no ab- 
normalities (Fig. 4). 

The kidneys in Rabbit i, which was killed on the nth day after 
the first injection, were moderately swollen and the cortex was 
yellowish gray in color. Microscopically the tubules are filled with 
hyaline casts and desquamated tubular epithelial cells (Figs. 7 
and 8). The non-protein nitrogen was 120 mg. per cent at the time 
of death. Many epithelial cells are absent along the wall of the 
tubules but the remaining epithelial cells are not swollen, as was 
noted in the kidneys in those rabbits dying in the acute stage. 

Rabbit 3 was killed on the 19th day after the first injection of 
the toxin. The kidneys in the gross had small hemorrhagic areas 
and small gray areas on the cortical surface. Histologically a few 
of the glomeruli are found to have blood in the space between the 
tuft and the capsule. 

A chemical analysis of the blood was made on a series of animals 
that received the staphylococcal toxin (Table I) and also upon the 
control group that received only sterile peptone broth (Table II), 
in order to determine whether there was any relation between nitro- 
gen retention in the blood and the extent of damage in the kidneys. 
The majority of the rabbits receiving injections of the toxin showed 
a gradual elevation of the non-protein nitrogen imtil death, whereas 
the control group showed neither nitrogen retention nor histological 
evidence of renal damage. 

The rabbits that lived for a period of time after the intravenous 
injection of toxin grew progressively weaker during the last few hours 
of life and some of the animals had convulsions during this period. 
The rabbits presented the same clinical symptoms as those described 
by Weld and Gunther^ and Burnet.® A majority of the rabbits that 
showed necrosis of the kidneys had a decrease or a complete ab- 
sence of urine in the bladder at the time of autopsy. From this ob- 
servation it would seem that there occurred a partial or complete 
suppression of urine. 

The amount of toxin necessary to produce death and the length 
of time elapsing before death were variable factors. Because of this 
variation a standard dose of toxin could not be determined. Fre- 
quently death occurred within the first 24 hours after the intrave- 
nous injection of only 0.5 cc. of toxin. 
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We were unable to produce chronic renal lesions, for the animals 
that received a sufi&cient quantity of toxin to produce any degree of 
necrosis in the kidney died within a few days. 

Table I 


Suinmary of the Results hi 4 Ralhiis that arc Selected to Illustrate the Changes in the 
Non-Protein Nitrogen of the Blood After the Intravenous Infection of the Staphylococcal 
Toxin {Normal Non-Protein Nitrogcji 30-45 Mg,), 



Rabbit 

I 


Rabbit 3 




Non- 




Non- 

Day 

Time 

Toxin 

protein 

Day 

Time 

Toxin 

protein 




nitrogen 




nitrogen 



cc. 

mg, per cent 



cc. 

mg. per cent 

I 

3 P-M. 


44 

I 

4 P.M. 


43-4 

4 

2 P.M. 

0.5 

. . 

2 

2 P.M. 

0.5 

. . 

5 

2 P.M. 


49 

3 

9 A.M. 


60 

5 

2.30 P.M. 

O-S 

. . 

3 

11.30 A.M. 

0.5 


6 

2 P.M. 

I 

. . 

4 

10.30 A.M. 

. . 

71 

7 

10 A.M. 


48 

4 

12 NOON 

0.5 


7 

II A.M. 

1-5 

. . 

s 

9 A.M. 


91 

8 

10 A.M. 

2 


7 

9 A.M. 


48.4 

9 

9 A.M. 

3 

. . 

18 

1.30 P.M. 


44-3 

10 

9 A.M. 

4 


19 

9.30 A.M. 


39-8 

II 

9.30 A.M. 

5 

* 

20 

9.30 A.M. 


38.4 

12 

II A.M. 

5 


21 

8.30 A.M. 


38 

14 

2.30 P.M. 


120 

21 

1.30 P.M. 


37 -S 

14 

2.30 P.M. 

Killed 


21 

1.30 P.M. 

Knied 

• • 

Both kidneys are moderately swollen 

The cortex of the kidneys shows small 

and the cortex is yellowish gray in color. 

hemorrhagic areas and depressed gray 

The tubules are filled with hyaline casts 

areas. A few red blood cells are present 

and desquamated epithelial cells. 

in some of the glomerular spaces. 

Rabbit 2 


Rabbit 

4 





Non- 




Non- 

Day 

Time 

Toxin 

protein 

Day 

Time 

Toxin 

protein 




nitrogen 




nitrogen 



cc. 

mg. 



cc. 

mg. 




per cent 




per cent 

I 

II A.M. 


36.3 


4 P.M. 


39-7 

4 

2 P.M. 

0.5 

. . 


2 P.M. 

0.5 


5 

9.30 A.M. 

I 

. . 


9 A.M. 


46.4 

5 

5 P-M. 


80.8 


11.30 A.M. 

I 


6 

8.30 A.M. 

2 



10.30 A.M. 

. . 

96 

6 

9.30 A.M. 

. . 

75.4 


II A.M. 

. . 

II 2 

6 

9.30 A.M. 


Died 

H 

II A.M. 

• • 

Died 


Both kidneys show cortical necroses. 


Both kidneys show cortical necroses. 
































Tabie ir 

Summary of the Results in 3 Rabbits that arc Selected from the Group Rcccking the Sterile Peptone Broth. The Non-Protein 

Nitrogen of the Blood is always Within Normal Limils 
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Discussion 

Neisser and Levaditi ^ described in detail the character of the 
necrosis occurring in the rabbit’s kidney after the intravenous in- 
jection of staphylococcal toxin, and Neisser and Wechsberg ^ state: 
“These changes can only be interpreted as infarcts which are suffi- 
ciently explained by the finding of thrombosed vessels, which as the 
microscopic picture shows, are caused by the rich disintegration of 
leukocytes which in turn we must look upon as a consequence of 
the leukocidin effect.” 

Although there is a destruction of leukocytes in the circulating 
blood ^ we have been imable to demonstrate thrombi composed only 
of leukocytes and, furthermore, it is our opinion that the process of 
infarction will not account for all the changes produced in the kidney 
after the intravenous injection of the staphylococcal toxin. 

It has been suggested that histamine is present in the staphylococ- 
cal toxin in a sufficient quantity to produce the necrosis in the kid- 
ney. Dolman ® states: “Histamine has been shown to be present 
in the toxin in amount strictly comparable to that present in the 
original nutrient broth. Such amounts of histamine could not pos- 
sibly be responsible for any of the characteristic features of the toxin. 
Moreover, if the histamine content of the toxin be destroyed by 
incubating it with histaminase, the original properties of the toxin 
remain unimpaired.” 

From our study it would seem that the toxin injures the epithelial 
and endothelial cells of the glomerular tufts and the epithelial cells 
of the convoluted tubules and of the loops of Henle. Any degree of 
injury may be found from simple cloudy swelling to complete cellular 
disintegration. We cannot be sure what portion of the tubule is in- 
jured to the greatest extent; however, in some of the microscopic 
sections it is thought that the convoluted portion of the tubule 
shows the greatest destruction. In the early stage the capillary 
loops of the tufts are dilated and filled with red blood cells. Later, 
the capillaries contain only a few red blood cells. In the early process 
the endothelial cells of the tufts are swollen and only a few of these 
cells are destroyed. It would seem from this observation that the 
endothelial cells are more resistant to the action of the toxin than 
are the epithelial cells that line the tubules. A few of the glomeruli 
are severely injured by the toxin, as shown by the presence of 
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desquamated cells, leukocytes and red blood cells In the capsular 
space, and also by the presence of adhesions between the tuft and 
the capsule (Figs. 9 and 10) and thrombi in a few capillary loops. 

All of the rabbits that died showed an elevation in the non-protein 
nitrogen; however, there is a wide variation in the total amount of 
nitrogenous products retained in the blood at the time of death. 
The retention of the non-protein nitrogen in the blood does not 
exactly parallel the extent of the renal lesion in all the rabbits. 
Those animals in which extensive kidney le.sions are found show a 
significant elevation in the non-protein nitrogen and whenever 
extensive lesions are absent the non-protein nitrogen is within 
normal limits. 

It is of interest to note the relation between the uric acid content 
of the blood and the retention of non-protein nitrogen. When the 
non-protein nitrogen increases to 80 to 90 mg. per cent the uric acid 
does not show any elevation. The normal non-protein nitrogen con- 
tent of the blood is 30 to 45 mg. per cent and the normal uric acid 
level is i to 1.8 mg. per cent in this group of rabbits. 

The lesions produced in the kidney after the intravenous injec- 
tion of this toxin cannot be considered a true nephrosis, as defined 
by Fahr, on account of the damage to the glomerulus and of the re- 
tention of nitrogenous products in the blood. 

SmiMARY 

1. A filtrable toxin from a hemolj^ic Slaphylococcus aureus pro- 
duces damages to the tubular epithelium and the glomerulus when 
injected intravenously into normal rabbits. 

2. The most conspicuous lesion occurs in the tubules. 

3. The glomerulus is damaged, as shown by the presence of al- 
bumin, desquamated cells and red blood cells in the capsular spaces, 
by the presence of adhesions between the tuft and capsule of other 
glomeruli, and hyaline thrombi in a few capillary loops. 

4. There is a retention of nitrogenous products in the blood of 
rabbits receiving staphylococcal toxin intravenously. 

5. There is no retention of nitrogenous products and the kidneys 
are normal in control rabbits that receive intravenous injections of 
sterile peptone broth. 
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DESCRIPTION OF PLATES 


Plate io8 

Fig. I. The capillary loops of the glomeruli arc dilated and filled v.'ith red 
blood cells. This rabbit received o.i cc. of the staphylococcal toxin sub- 
cutaneously and 24 hours later 0.5 cc. intravenously. Death occurred 4 
hours after the second injection. Hematoxylin and eosin stain, x 200 . 

Fig. 2. Same as Fig. i. Hematoxylin and eosin stain, x 550. 

Fig. 3. The left kidney in this rabbit was removed 6 days after the intravenous 
injection of 0.5 cc. of the toxin. The necrosis of the tubular epithelium is 
focal in distribution. Hematoxylin and cosin stain, x 250. 

Fig. 4. The right kidney of a rabbit receiving intravenously 0.5 cc. of the toxin 
(the left kidney is shovm in Fig. 3). This animal was killed 19 days after 
receiving the toxin. There are no focal areas of tubular necrosis, as found 
in the opposite kidney. The debris in the lumen of the tubules is often 
found in normal rabbits. Hematoxylin and cosin stain, x 250. 
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Plate 109 

Fig. 5. Cortical necrosis and focal hemorrhagic areas in the kidnej' of a rabbit 
that received intravenously 0.5 cc. of the toxin and 24 hours later 0.75 cc. 
of the toxin. Death occurred 37 hours after the second injection. 

Fig. 6. Rabbit 2, (see 1 'ablc I). The tubular epithelium and the glomeruli are 
necrotic and poljTnorphonuclear leukocytes are infdtrating the interstitial 
tissue of this zone. Hemato.xylin and eosin stain, x 250. 

Fig. 7. Rabbit i, (see Table 1). The tubular epithelium is often completely de- 
stroyed and the lumens of the tubules are fdled with In’aline casts. Hema- 
toxylin and cosin stain, x 200. 

Fig. 8. Same as Fig. 7. Hyaline droplets arc present in the epithelial cells and 
hyaline casts fdl some of the tubules. ]\Iany of the epithelial cells show 
these hyaline droplets in the kidne\-s which have been severely damaged 
b}' the toxin. Hemato.\'ylin and cosin stain, x 550. 

Figs. 9 and 10. Rabbit 3, (see Table I). A few of the glomeruli have red blood 
cells in the capsular spaces. Other glomeruli show adhesions between the 
tuft and Bowman’s capsule. Hematoxylin and eosin stain, x 550. 
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A HISTOLOGICAL STUDY OF THE ADRENAL CORTEX IN 

MONGOLISM * 

Lxtdwig C. Hisning, M.D., and Sidney Farber, M.D. 

{From the Department of Pathology, Harvard University Medical School and the 
Children’s Hospital, Boston, Mass.) 

The etiology and pathogenesis of mongolism are still unknown. 
Since the condition was described by Down ^ in 1866 numerous 
hypotheses have been offered, and among these there may be men- 
tioned s)^hilis, age of the parents, number of the pregnancy in 
mother’s child-bearing history, alcoholism of either parent and ex- 
haustion of the germ plasm. None of these has successfully with- 
stood critical examination. A discussion of the most recent litera- 
ture and theoretical considerations is given by Eley,^ who concludes 
that the etiology of mongolism is still obscure. 

The latest conjectures, as would be expected, have come from the 
field of endocrinology, with prominent mention given the pituitary, 
thyroid, and more recently the adrenal cortex. Because of certain 
evidence to be discussed it was thought that a study of the adrenal 
cortex by histological methods might 3deld data that would be of 
aid in evaluating the role of the adrenal cortex in the production of 
mongolism. We are not unmindful of the complex and still con- 
fused interrelations of the various parts of the endocrine system, nor 
do we forget the limitations of an examination of merely one organ 
in the study of a disease of obscure etiology. The purpose of this 
paper is to determine if there is any histological evidence in support 
of the theory that the adrenal cortex is in any way involved in the 
etiology and pathogenesis of mongolism. 

f 

Theoretical Considerations 

Mongolism is as definite a clinical entity as cretinism. Definite 
stigmata are associated with the disease and a diagnosis can be 
made almost always at birth. That no basic similarity to cretinism 
exists has been shown by Talbot,^ who proved by studies of the 

* Received for publication January 22, 1934. 
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basal metabolism of mongols that “the thyroid is not involved in 
the majority of cases, and then only to a minor degree." 

The task of relating any anatomical finding in the adrenal cortex 
to a hormone produced by the cortex will be a difficult one, for it is 
probable tliat the adrenal cortex produces more than one hormone. 
The work of Hartman and co-workers,'’ and Swingle and Pfiffner ’’ 
on the hormone cortin, which prevents death from acute adrenal 
insufficiency, has been accorded general recognition. There is no 
suggestion of acute adrenal insufficiency in mongolism. If there is 
a lack in the adrenal cortex there must exist either a sublethal in- 
sufficiency, or insufficiency of a non-vital function of the gland. 
This latter consideration is probable in view of the possible multiplic- 
ity of adrenal cortex hormones. 

A discussion of the relation of the adrenal cortex to the develop- 
ment of the central nervous system yields suggestions of value. A 
lack of cerebral development is an obvious feature of mongohsm. 
That the adrenals may be absent or extremely hypoplastic in 
anencephalic or hemicephalic monsters has been well known since 
the first observation in 1842 by Johann Friedrich Meckel. Seven- 
teen instances of this finding were reported by Lomer.® Weigert ' 
and Zander ® emphasized that the cortex of the adrenal was pri- 
marily affected in anencephaly. 

Diffuse amyelination of the cerebrmn has been described by 
Davidoff ° in mongols. This finding is of interest in regard to the 
possible role played by the adrenals in myehnation of the nervous 
system. Evidence for this has been adduced from the large size of 
the adrenal gland during the latter part of gestation at the time 
when cerebral development is said to proceed most rapidly, and the 
large amounts of cholesterol in the adrenal cortex during the first 
year of life, when the greatest activity in the myehnation of the 
central nervous system is noted. 

The marked lack of sexual development has long been observed in 
mongols, particularly in the males, and suggests the possibihty of 
an adrenal cortex insufficiency. Though the relation of the adrenal 
cortex to sexual development is still a question, there are numer- 
ous examples of “adrenal virihsm" with precocious sexual maturity 
and masculinization of females associated with tumors of the adrenal 
cortex. 

A common clinical observation in mongols is the marked hyper- 
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flexibility and decreased muscle tonus. The decreased muscle tonus 
in Addison’s disease, which is of unquestionable adrenal etiology, is 
a well known part of that disease picture. In addition, in common 
with patients suffering from Addison’s disease, mongols tend to have 
low blood pressure and vagotonia. 

Although no definite proof has been offered of any direct relation 
between the adrenal cortex and mongohsm, these theoretical con- 
siderations do form a fair basis for the assumption that a hypo- 
function of the adrenal cortex is in some way related to the develop- 
ment of the condition known as mongolism, and justify an attempt 
by morphological means to test that assumption. 

Materials aetd htcTHODS 

These studies are entirely morphological in character and are 
based on observations and measurements of a series of microscopic 
preparations from the adrenal glands of mongols. A series of 15 
cases was assembled from the postmortem files of the Children’s 
Hospital of Boston and all available data relating to the patients 
were studied. The diagnosis of mongohsm was taken from the 
rliniral diagnosis and only unquestionable instances were included 
in this series. All microscropic preparations were obtained from 
Zenker-fixed material and were stained by hematoxylin and eosin. 

The essential procedure in this study has been the measurement 
of the width of the permanent adrenal cortex, as seen in cross- 
section. Measurements of the fetal cortex were also taken. These 
measurements were made with a micrometer ocular calibrated 
against a slide with a measured scale. Certain criteria of a true cross- 
section {e.g. cut in a plane perpendicular to the surface of the gland) 
were applied in an effort to obtain comparable data. Measurements 
were made only of those portions of the cortex in which the two op- 
posite layers were approximately parallel to each other. For that 
reason the apex of a leaflet of the gland was not chosen (Fig. i). 
Furthermore, only such places were measured where there was a 
full length longitudinal section of the fasciculata, which showed ter- 
mination of the columns in a solid line rather than in a series of im- 
even blocks, as is found in sections that have been cut obliquely 
(Fig. 2). It was also endeavored to select areas for measurement 
where the two opposite layers of cortex were approximately the 
same width (Fig. i). 
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Measurements were also made on a series of suitable controls, as 
will be indicated below. In the evaluation of these measurements 
some difEculty was encountered in arranging the series in order of 
relative maturity of the patients at the time of death. Because 
mongols lag behind normal children in development and because it 
is impossible to rule out the factor of prematurity, which v/ould 
have an effect upon the actual age of the individual, it was decided 
to arrange the findings in two ways — by body length and by 
chronological age. It was not possible to obtain enough material 
for controls to match the mongol series by cause of death and sex, 
as well as age and body length, but these factors were taken into 
account wherever possible. 

In most cases ten measurements were taken along the cross- 
section of the permanent cortexes satisfying the above criteria. If, 
however, the deviation of any one measurement from the mean of 
the ten measurements was more than one-third of the mean, a 
second set of ten measurements was taken. If the mean of the 
second ten differed from the mean of the first ten by more than 
one-third of the mean of the two sets the slide was rejected as being 
unsuitable for measurement. Consequently, the means recorded 
may be considered as statistically reliable measurements of the 
widths of the respective permanent cortexes within the limitations 
inherent in the method itself, "^ffienever the difference between the 
mean of the second ten measurements and the mean of the first 
ten was found to be within one-third of the mean of the two, the 
slide was retained and the probable error was calculated on a basis 
of twenty measurements representing the sum of the two sets. 

Whenever possible the width of the fetal cortex was measured, as 
well as that of the permanent cortex, and the measurements were 
accorded the same statistical treatment as those of the permanent 
cortex. In many sections the fetal cortex was represented by scat- 
tered groups of cells, making measurement of its width impossible. 

The measurements recorded in the tables were aU made on fixed 
material. As no allowance was made for shrinkage by fixation, they 
do not represent a measurement of the absolute width of the cortex, 
but are probably somewhat less than the actual width in the fresh 
gland. 

After arranging the means of the widths of the permanent cor- 
texes of the mongols and the controls in body length and chrono- 



STUDY OF ADRENAL CORTEX IN MONGOLISM 


439 


logical age groups the arithmetic mean of each group was obtained 
for the purpose of comparing the means of widths of the permanent 
cortexes of the mongol groups with those of the respective control 
groups. These means will be found recorded in tabular form below. 


Table I 

Means of Body Length Groups 


Mongob 


Controls 


1 

2 

3 

4 

5 


Group 


No. cases 


46-47 cm 

51-52 cm 

58-65 cm 

68-70 cm 

about 80-85 cm. . . . 


4 

2 

6 

2 

I 


Mean of 
permanent 
cortex 

Group 

No. cases 

Mean of 
permanent 
cortex 

0-355 

45-48 cm 

16 

0.35 

0.38 

50-53 cm 

8 

0.45 

0.43 

57-66 cm 

24 

0.47 

0.42 

67-73 cm 

8 

0.52 

0.47 

75-90 cm 

1 

4 

0.60 


Table II 


Means of Age Gronps 


Mongols 

Controb 



Mean 



Mean 

Age groups 

No. cases 

permanent 

Age groups 

No. cases 

permanent 



cortex 



cortex 

I 7 mos. prenatal . . . 



7J mos. prenatal .... 



2 J mos. postnatal 



15 hours 



to 



to 



full term 3 wks. 

5 

0.36 

full term i month 

20 

0.375 

2 4I mos. to 7 mos. . 

5 

0.40 

4 mos. to 7 mos 

12 

0. 46 

3 9 mos. to II mos. . 

4 

0.4s 

8 mos. to 12 mos. . . . 

10 

0.525 

4 2 to 4/12 yrs 

I 

0.47 

2 yrs. to 2 8/12 yrs. .. 

4 

0.605 


Results of Present Study and Discussion 

A microscopic study of the adrenal glands of mongols reveals no 
constant pathological findings whereby a diagnosis of mongohsm 
can be made in this manner. Our tables of measurements of the 
adrenal cortex show that the amount of variation among the mem- 
bers of various groups of the same age or body length is considerable. 
However, when the means obtained from the mongol group are com- 
pared with the means of the control groups it can be seen that: 
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1. The width of the permanent cortex of mongols in the first year 
of life does not differ essentially from that of controls of the 
same age. 

2. There is a definite lag in the growth of the permanent cortex 
in the older mongols, as compared with the control group. 

The magnitude of the difference is indicated in the tables. It can 
be shown from our study that there are individual cases in which 
the permanent cortex of the mongols is actually greater than some 
of the individuals of the same body length or age in the control 
group. The lack of a constant difference between the measurement 
of the permanent cortex of any given mongol and the control is a 
finding of great importance in evaluating the results of the present 
study. Since in the series the permanent cortex of several mongols 
was actually equivalent to, or greater than, members of the control 
group, the primacy of the adrenal cortex in the etiology of mongol- 
ism is definitely precluded. The difference in the means as maturity 
advances is, however, also an important finding in giving an indi- 
cation that a tendency toward hypoplasia of the adrenal cortex is 
a part of the pathological picture of mongols. That this hypoplasia 
is real and not to be explained by the fact that mongols lag behind 
normal children in physical development is shown by the similarity 
of result by both the age and body length grouping. The body length 
arrangement controls the factor of physical retardation. 

Speculation about the cause of the tendency toward hypoplasia of 
the permanent cortex of the adrenal gland in mongols is entirely 
beyond the scope of this paper. Although the primacy of the 
adrenal gland in the etiology of mongols appears to be ruled out by 
this study the hypoplasia of the adrenal cortex, though secondary 
to some primary cause, may well explain certain less essential mani- 
festations of mongolism (the hyperflexibility and the lack of sexual 
development). If, as has been suggested by Macklin,^® mongolism 
is hereditary and is due to the coming together of several recessive 
characters, the hypoplastic adrenal cortex may be one of the factors 
involved in a pleuriglandular endocrine insufficiency explained on 
such a genetic basis. 

Stoimary 

I. A method for measuring comparable widths of the adrenal 
cortex is described. 



STUDY OP ADRENAL CORTEX IN MONGOLISM 


441 


2. The lack of any characteristic pathological picture in the 
adrenal cortex in mongolism is noted. 

3. The results of a measurement of the adrenal cortexes in a 
series of 15 mongols compared with 60 controls are tabulated and 
arranged in chronological age and body length groups. According 
to our measurements : 

(a) There is considerable individual variation in the measured 
widths of permanent and fetal cortexes among the members 
of groups of similar age or body length of both the mongols 
and the controls. 

(b) There are individual cases in which the permanent cortex of 
a mongol is actually greater than some individual controls 
in the same age or body length group. 

(c) There is a delSnite retardation in the development of the 
width of the permanent cortex of the mongol adrenals so that 
there is an actual hypoplasia of adrenal cortex of older mon- 
gols, as compared with the controls. 

Conclusions 

As maturity advances, a definite hypoplasia of the adrenal cor- 
tex in mongols becomes evident by the use of histological methods 
in the measurement of the width of the permanent cortex of the 
adrenal gland. 

We wish to thank Miss Marjorie T. BeUows, statistician, West- 
chester County Health Department, New York, for assistance in 
computing the probable error in the study. Prof. E. B. Wilson of 
Harvard University kindly pointed out the statistical requirements 
for this study. 
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DESCRIPTION OF PLATE 
Plate 110 

Fig. I. Photomicrograph showing typical cross-section of apex of leaflet of 
adrenal gland, satisfying criteria of true cross-section; i.e., full length 
longitudinal section of fasciculata terminating in solid columns (see text). 

A — typical site of measurement for width of cortex with opposite 
layers of cortex approximately parallel. 

B = width through apex not used as site of measurement. Hematoxylin- 
eosin stain, x 30. 

Fig. 2. Photomicrograph showing example of oblique and coronal section of 
the type that was rejected as being unsuited for measurement, 

A = oblique section of cortex. 

B ~ coronal section of cortex. Hematoxylin-eosin stain, x 30- 
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TUMORS AND TUMOR-LIKE CONDITIONS OF THE LYM- 
PHOCYTE, THE MYELOCYTE, THE ERYTHROCYTE AND 
THE RETICULUM CELL * 

G. R. Callender, M.D. f 

During the seven years that the Lymphatic Tumor Registry J of 
the American Association of Pathologists and Bacteriologists has 
been operating 380 cases have been contributed. Fifty of these cases 
were not tumor or tumor-like conditions of either lymphatic, hemo- 
poietic, or reticulo-endothelial tissues. Of the balance aU are of in- 
terest and value in the study of these conditions, but only about half 
of the total number have sufficiently complete records and material 
to permit the defining of the conditions present. Therefore, too few 
cases have as yet been contributed to the Registry to make statistical 
study of the individual conditions of much value in determining the 
age distribution, clinical character, course and outcome of each type 
of lesion. The cases most valuable to the Registry are those that 
have been followed to their conclusion, autopsy performed, and 
material furnished from biopsy and autopsy. 

All cases in the Registry have been reviewed each year by the 
Registrar preliminary to rendering the annual report. All cases offer- 
ing definite difficulties in diagnosis, in which adequate data and ma- 

* Received for publication Febraary 13, 1934. 

f Registrar, American Registry of Pathology. 

t The L3Tnphatic Tumor Registry of the American Association of Pathologists and 
Bacteriologists was established in 1925. It is now the Lymphatic Tumor Division of the 
American Registry of Pathology maintained at the Army Medical Museum under the 
auspices of the National Research Council. The committee for the Association consists 
of Dr. F. B. Mallory and Dr. James Ewing, to whom aU difficult cases are referred. 
The author is’Registrar and here expresses his deep appreciation for the invaluable 
cooperation of the committee, but assumes the entire responsibility for the opinions 
herein expressed. 
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terial were available, have been referred to the consulting committee 
and often to other pathologists. As a result of these studies points of 
importance in differential diagnosis have been brought out and it is 
believed that their presentation at this time may stimulate thought 
and discussion to the end that we may arrive at a classification of the 
tumor and tumor-like conditions of the lymphatic, hemopoietic and 
reticular tissues. 

The nomenclature of these conditions in the textbooks and articles 
in periodicals is extremely variable, and there is a like variation in 
the nomenclature in the diagnoses received from the committee and 
from others who have examined the material. As is true of tumors of 
any structure there are many atypical cases, but there is little agree- 
ment in terminology. The data and illustrations in the literature are 
rarely adequate to define the entity presented, so that published re- 
ports have been found of little value in establishing a standard no- 
menclature. The cases forming the basis of thisreportare not all com- 
plete but were selected as conforming to types of which there are a 
sufficient number to be of value in classification. 

In this discussion it is not considered wise to enter into the con- 
troversy concerning the ultim ate origin of the cells c oncerned, but 
rather to considS the adult cell and attempt to define the conditions 
that arise from it, f For this purpose the following stem cells each 
form a group and eac&group is subdivided into the types that appear 
to be represented in the Registry collection. These are the stern. cells 
giving rise to the lymphocyte, the polymorphomtcUdr leukocyte, the red 
blood corpiiscle, and the monocyte or reticulo-endothelial cell. It is 
realized that exception will be taken to the inference that the mono- 
cyte and the reticulo-endothelial cell are one and the same or that 
they have a common origin, but these neoplastic conditions present 
certain indications that such is the case. 

It is not believed that there are any concepts in this article that 
have not been presented or at least suggested before. To trace these 
for priority of publication is beyond the energy of the writer and the 
scope of this article. 

Lymphocyte 

I. Lymphocytosis: Lymphoma 

Unless the term lymphoma is applied to inflammatory reactions 
there are no cases in the Registry. 



Table I 

Classification of Tumors aftd Tumor-like Conditions of the Lymphatic, Hemopoietic and Reticular Tissues 



C44S] 


Type not observed in Registry. | Roman numerals refer to text heading. 
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II. Lymplwcytoma, Leukemic — Syn. Lymphatic Leukemia 

1. Definite leukemia, 25,000 or more white blood cells with a pre- 
ponderance of lymphocytes. The number of cells varies in the in- 
dividual case and from time to time in the same case. Also, cases 
that primarily are classified in the aleukemic group (belov.r) maybe- 
come leukemic and remain so, either after irradiation or spontane- 
ously. The t3^e of cells may be uniform or considerable variation 
may occur. The more numerous the younger forms, the more rapid 
the course of the disease and usually the younger the patient. 

2 . The enlargement of lymph nodes is usually generalized and the 
spleen, or liver, or both, usually are more or less increased in size. 
There may be an area of greater enlargement, especially in those 
cases in which the enlargement is the first symptom noted. This is 
true of those cases of aleukemic lymphocytoma that later become 
frankly leukemic. In general, the greater the number of lymphocytes 
in the blood the less the swelling of lymph nodes, and vice versa. 

3. Microscopically there is an increase in the size of the primary 
nodules, due to proliferation of the lymphocytes. This proliferation 
finally obliterates the node structure so that it becomes a uniform 
mass of lymphocytes. In the liver the portal spaces are distended or 
enlarged by l3mphocytes which also infiltrate between the liver 
cords. In the spleen the malpighian nodules are enlarged and en- 
croach on the red pulp, often apparently obliterating it. In other 
organs diffuse infiltrations occur but these, even when grossly visible 
as pale areas, appear to be proliferations starting in preexisting col- 
lections of lymphocytes. In this condition there are no true metas- 
tases. These infiltrations are more frequent and larger in the acute 
forms of leukemia. Some cases show many atypical cells and then 
approach the sarcoma type. Occasionally, cases primarily leukemic 
terminate in typical metastatic lymphosarcoma. 

4. The reticulum of the nodes is not increased but is distended or 
separated by the lymphocytic increase. 

5. Irradiation is effective in reducing the size of the tumors and 
the number of cells in the circulating blood. In many cases it appears 
to have increased the duration of life but it is only a palliative treat- 
ment and not curative. 
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III. Lymphocyloma, Aleukemic — Syii. Lymphatic Pseudo- 

leukemia 

{a) Difiise Type: 

1. Leukemia is absent but there are always abnormal lympho- 
cytes in the blood if proper search is made for them. At times, and 
often throughout the course of the disease, there is an actual increase 
in l3Tnphocytes. It is difficult to make a dividing line between the 
aleukemic and leukemic forms, as these merge into one another and 
the aleukemic form may become leukemic and, rarely, cases which 
when first observed have a leukemia of 25,000 or more may become 
aleukemic. For the purpose of this classification 25,000 or more 
white blood cells, with a preponderance of lymphocytes, have been 
considered necessary for the diagnosis of leukemia. 

2. The swelling of the lymph nodes is less generalized than in the 
leukemic form and there is usually a region of greatest intensity. 
The spleen, or liver, or both may participate in the process. 

3. Histologically the picture in the nodes may be the same as in 
the leukemic form, or a group of nodules may coalesce and leave some 
relatively unchanged node structure. This is especially true of the 
more rapid, fatal processes at the younger ages in which the cells 
often appear to be of unusually large size and show relatively fre- 
quent mitoses. Infiltrations are unusual and when present indicate 
an approach to leukemia or the presence of a leukemic change un- 
recognized before. It is not unusual to find evidence of a definite leu- 
kemia at autopsy, which had not been discovered in blood examina- 
tions. It represents a change subsequent to the blood examination 
last recorded and may have taken place within a few days of death. 
When atypical cells or many mitoses are found the condition ap- 
proaches that of a lymphosarcoma which is sometimes the terminal 
picture in this group. 

4. Reticulum the same as in the leukemic form. 

5. Irradiation is effective in reducing the size of the nodes as a 
palhative measure. Following X-ray these cases may become leu- 
kemic. 

( 5 ) Nodular Type — Syn. Giant Follicular Hyperplasia with Spleno- 
megaly: 

I, The blood changes are similar to those in the diffuse form 
(above) but apparently leukemia develops less frequently. 
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2. The swelling of the lymph nodes is the same as in the diffuse 
form and is sometimes quite generalized. The spleen has always been 
involved, and in two observed cases was apparently the only focus 
of the disease. 

3. '''IDstologically the condition is characterized by large nodules, 
which appear to be of a secondary type, and an apparent increase in 
their number/ The nodules are composed of the large type of lym- 
phocytes, among which are rather numerous mitotic figures. The 
nodules may be contiguous and rarely appear to have coalesced, 
though there is often marked variation in size in the same section. 
These nodules are surrounded by relatively normal lymphocytes of 
the smaller size. 

These individuals either die rather quickly or, if life is prolonged, 
the process terminates in a definite sarcomatous change in which 
there are metastases. In tliis type the cells show more pleomor- 
phism than in any other l)mphocytic tumor, resembling to some 
degree the cell picture of sarcomatous Hodgkin’s disease, with which 
the condition occasionally has been confused. 

4. ‘' Reticulum is loose meshed as in the diffuse form, thus diflfering 
from Hodgkin’s disease or Hodgkin’s sarcoma (see below)'. 

5. This condition is very sensitive to irradiation which, properly 
used, will prolong life for many years. Superficial nodes well radi- 
ated may never swell again. It is quite possible that this condition 
may be curable when localized and treated early by adequate 
irradiation. 


IV. Lymphosarcoma 

(a) Aleukemic: 

1. Typically, there are no abnormal findings in the blood, but fol- 
lowing irradiation this form may become leukemic (see (&) below). 

2. Tumors are localized and infiltrate, metastasize, or both. Met- 
astatic nodules are found in situations where usually lymphocytic 
groups do not occur, as in the intermediate zone of the liver, the 
lower cortex of the kidney and the heart muscle. 

3. Histologically the tumor itself is made up of atypical lympho- 
cytic types with irregular nuclei and scanty cytoplasm. Mitoses are 
usually abimdant. The more at3q)ical the cells, the more malignant 
the tmnor. Following irradiation the cells may become more typical. 

4. Reticulum is loose meshed, as in the preceding types. 
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5. Very sensitive to irradiation, so much so that it is possible that 
taken early and adequately treated the tumor may be cured. 

(6) Leukemic — Syn. Lymphaiic Leukosarcoma: 

1. [Leukemic blood with a considerable proportion of abnormal 
young or embryonal types of lymphocytes^.^ The leukemic condition 
in lymphosarcoma may be spontaneous, may follow irradiation, or a 
leukemia may terminate in a sarcomatous spread. 

2. Local tumor mass invading, metastasizing, or both, with met- 
astatic nodules as in the aleukemic form. In addition gross infiltra- 
tive types of spread may be found, as in ordinary leukemia. 

3. Histologically the cells are atypical, as in the aleukemic form. 
In those cases that are primarily aleukemic but become leukemic 
after irradiation tlie cells become more t3q)ical. 

4. Reticulmn as in the other lymphocytic groups above. 

5. Sensitive to irradiation to some degree but many cases termi- 
nate so quickly that no adequate data have been acciunulated. The 
cases that have become leukemic after irradiation appear to be less 
sensitive than the aleukemic form and it is possible that the leu- 
kemic change in these is the result of inadequate or improper irradia- 
tion dosage. 

The group of conditions arising from the lymphocyte or its stem 
cell is the best defined and best understood of all the groups here con- 
sidered. The term l3anphoblastoma may be apphed to the entire 
group, but the different members must be otherwise designated as 
the term does not sufficiently define the entities. As there are no 
benign, non-inflammatory lymphomas in the Registry the criteria 
have been omitted but the condition has been placed, together with 
lymphocytosis, in the reactive group. L3Tnphocytosis is represented 
by several cases of glandular fever, the cell picture of which is that of 
a lymphocytic proliferation with active h3q)erplasia of the secondary 
nodules. 

The rest of the group is familiar to most, under a variety of names 
which sometimes vary because of minor cytological or chnical differ- 
ences, though more often nomenclature depends on previous instruc- 
tion, either undergraduate or postgraduate. The simplest and short- 
est terms have been preferred in this work and the prefix “a” is 
sufficient to differentiate the leukemias from those conditions that 
are quite similar except for the absence of an appreciable increase of 
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cells in the peripheral blood. The term pseudoleukemia, also, is quite 
acceptable as accurately descriptive. The term “aleukemic leu- 
kemia” certainly has nothing to recommend it, even though there 
are phases in leukemias during which the leukemia is diminished or 
absent. Such phases, whether the result of treatment or not, can be 
designated as such without the use of a name suggesting a change to 
a different disease. 

In this group arising from the lymphocyte there is considerable 
shifting from one subdivision to another, both spontaneously and as 
a result of irradiation. For instance a leukemia may terminate in a 
lymphosarcoma, or may become aleukemic. Leukemic or aleukemic 
lymphocytoma may become sarcomatous. In all aleukemic cases in 
the Registry from which blood films have been furnished abnormal 
lymphocyte types have been found, while frequently during the 
course of the disease a definite lymphocytosis is present even though 
a frank leukemia never appears. 

Lymphosarcoma usually appears and continues as such. Occasion- 
ally, as indicated by the literature, a combination of a metastasiz- 
ing tumor and a leukemia occurs (leukpsarcoma) and may be the 
condition discovered at primary examination i In fheRepstry ma- 
terial a condition of leukemia has followed irradiation of lymphosar- 
coma in six instances and in these the progress of the disease has 
appeared to have been retarded as a result of the change. 

The liver is an important organ to study in the differentiation of 
t)q)es. In the lymphocyte group there is a general proliferation of the 
lymphocytes in the portal areas, increasing the size of these areas 
either with or without infiltration between the liver cords. The in- 
filtration is present in leukemia and this finding at autopsy always 
suggests that whatever may have been the findings in the blood a 
leukemic condition had existed perhaps only near the termination of 
the illness. 

^^this classification the extension of the process to other nodes or 
lymphocytic tissues is not considered a metastasi^ Whether this 
spread is the result of a stimulus in the circulating mood or whether 
it is due to cells from the original process reaching the new areas by 
blood and lymph, and there only finding satisfactory conditions for 
growth, is not known. The latter alternative seems the more probable 
method, i) 
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Granular Leukocyte 

I. Letikocytosis of the Grajiular Leukocytes 
II. Myelocytofna, Leukemic — Syn. Myelogenous Leukemia 

1. Definite leukemia, 25,000 or more white blood cells with a 
large proportion of myelocytes. The number of cells in the blood 
varies over a rather wide range even in a single case, and there is also 
a variation in the relative proportions of the different myelocyte 
t3^es. In some cases, with or without treatment, the number of cells 
may decrease to a very low total, though more often the reverse is 
true. The greater the variation in cell t37pe, usually, the more rapid 
the course of the disease. 

2. The bone marrow shows marked myelogenetic activity and, 
therefore, there is a decrease in the red marrow. The spleen 
is markedly enlarged in most cases and the nodular markings are 
obscured. The liver is also enlarged to varying degrees. Lymph 
nodes usually do not participate in the swelling. Sometimes infiltra- 
tion deposits are visible grossly in the tissues. 

3. Microscopically there is marked myelogenetic activity in the 
bone marrow. The proliferating cells replace the marrow fat and 
crowd the erythrogenetic tissue. There is no bone destruction. In 
the spleen myelogenesis is usually active and takes place in the red 
pulp. It crowds and compresses the malpighian nodules and prac- 
tically obliterates some of them. In the liver there is a diffuse in- 
filtration, usually somewhat more marked in and near the portal 
connective tissue, but there is no great enlargement of these areas. 
Infiltration is more or less generalized and often relatively large 
masses are formed which suggest metastatic tumor. Where lymph 
nodes appear enlarged the histological picture is that of an infiltra- 
tion, as in other organs. Occasionally leukemias become definitely 
sarcomatous and thus would be finally classified in Group IV, below. 

4. There is no increase in reticulum in the marrow, though the 
spleen, especially after irradiation, shows some increase in fibrous 
tissue. 

5. Irradiation is effective as a palliative measure in many cases. 
In the more acute forms it often appears materially to retard the 
process. 
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III. Myelocyioma, Alcuhcmic {{d) Single, (b) MuUiple) — Syn. 

Single and Mnlliple Myeloma 

1. Aleukemic but young cells are usually present in the blood and 
leukemia may occur during the course of the disease. 

2. {d) Single myeloma occurs in long and flat bones where it pro- 
duces definite tumors of osteolytic type without much tendency to 
spontaneous fracture, 

(h) Multiple osteolytic tumors of the marrow, destroying the bone 
from within and leading to spontaneous fracture which is often the 
first definite symptom. 

In both single and multiple myeloma there are no true metastases, 
though the invasiveness of some of them approaches the sarcoma 
type and sarcomatous changes may occur and metastases take place. 

3. Microscopically the cells composing these tumors show con- 
siderable variation between different cases but tend to be rather uni- 
form in the individual case. The most uniform picture is that of the 
so-called plasma cell type which is found in both the single and mul- 
tiple form. Others show some variation in cell size and staining 
characteristics. Variation in size is an indication of greater malig- 
nancy, an approach to the true sarcoma in which there may be ex- 
treme variation in size and form. 

4. No reticulum is produced by the tumor cells, though there is 
some supporting reticular tissue accompanying blood vessels, 

5. These tumors are sensitive to irradiation but to what degree 
cannot be decided by the few cases in the Registry. 

IV. Myelosarcoma 

(d) Aleukefnic: 

This has not been observed in the Registry material. It is pos- 
sible that this form is represented by those cases of single and 
multiple myeloma that invade other tissues without metastasis. The 
metastatic myelogenous neoplasms in the Registry have all been 
leukemic, 

(b) Leukemic — Syn. Myelocytic Leukosarcoma: 

This group includes the “green” tumor, chloroma, 

I, The blood shows a definite leukemia in which there are many 
embryonal types of cell. The total count varies but is not often as 
high as in the chronic leukemias. 
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2. Aside from the bone marrow changes, which may be evenly 
’ generalized or have a focus of greater intensity, there are growths 

from the bones into adjacent tissues and metastatic deposits in 
parenchymatous organs. The primary spread from the bone, the 
metastases, or both, may show the green color characteristic of 
chloroma. 

3. The cells are always more varied in form and staining than in 
the non-sarcomatous type and if a sarcomatous change occurs in a 
case of simple leukemia there may be found a definite focus of sar- 
coma type in the bone, surrounded by the usual picture found in 
simple leukemia. 

4. Reticulum is not formed by the tumor cells. 

5. Radiation sensitivity not determined by Registry material or 
literature. Theoretically this group should be sensitive to irradia- 
tion, but the course is usually so brief that no adequate data are 
available. 

The stem cell for the granular leukocyte gives rise to the mye- 
logenous, myelocytic leukemias, the aleukemic myelomas and the 
myelosarcomas or metastasizing myelocytic tumors. This group 
shows less shifting from one group to another but occasionally a sar- 
comatous change occurs in a myelogenous leukemia and likewise a 
leukemia may develop in an aleukemic myeloma. The principal 
difficulty in this group is the question as to which types are sarcoma. 
Both single and multiple myelomas destroy bone and by this in- 
vasiveness to some degree merit the term of sarcoma; but, the lym- 
phocytomas by pressure may destroy neighboring tissues and the 
cells invade the repair-like process at the periphery of the growth. 
When single or multiple myelomas break through the bone and in- 
vade surrounding tissues they may be considered as truly malignant 
and therefore could be considered as belonging to the group of 
aleukemic myelosarcomas. 

Aside from the multiple myelomas the sarcomatous myelocytomas 
in the Registry have aU been leukemic. Chloroma is represented. 
The green pigmentation is occasionally present in the more malig- 
nant myelomas without leukemia. 

In the leukemias the uifiltrations are difficult to differentiate from 
true metastases. It is of little practical importance to make this 
differentiation. Infiltrations are usually more frequent and exten- 
sive in the cases clinically more malignant. 
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In the liver infiltrations are more prominent in and near the portal 
areas, but masses of considerable size are not found, as in the lympho- 
cytic type. Sometimes lymph nodes show considerable enlargement 
as a result of infiltrations. Such infiltration is diffuse and the archi- 
tecture of the node is preserved. 

In myelocytic leukemia the blood film often shows considerable 
numbers of immature red corpuscles and nucleated cells of the 
“blast” type. This appeared to be compensatory, or at least con- 
sistent with the idea that parts of the marrow are forced to overwork 
and throw out immature forms in the effort to compensate for mar- 
row destruction or replacement by the granular myelocytic pro- 
liferation. 


Red Blood Corpuscle 

I. Polycythemia, Symptomatic 

An increase in the red corpuscles of reaction origin due to some 
definite and readily determined cause, such as being in high alti- 
tudes. 


II. (a) Polycythemia Vera — Syn. Erythrcjnm 

This condition is suggested for this position as the analogue of 
chronic types of leukemia. 

1. Increase of red corpuscles in the blood. Platelets are increased 
and, especially in the later stages, there is an increase in granular 
leukocytes which might be considered as analogous to the appear- 
ance of considerable numbers of “blasts” in myelocytic leukemia. 

2. The bone marrow shows erythropoietic hyperplasia. The 
spleen is enlarged, usually with relatively little evidence of erythro- 
genesis. The enlargement appears to be due to the increase in blood 
corpuscles in the red pulp. 

3. Reticulum of the organs concerned shows no change. 

4. Irradiation is apparently of little benefit. 


(6) Erythrocytoma, Leukemic — Sym. Erythrocytic Leukemia 

This condition, a leukemia of the precursors of the red blood cor- 
puscles, the erythrocytes, is the analogue of the acute leukemias; 
that is, those in which a large proportion of the cells are of more 
embryonal type than those normally foimd in the circulating blood. 
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1. Definite leukemia, the cells of which resemble lymphocytes, 
have little cytoplasm, often appearing as naked nuclei. Many 
‘‘blasts” are present, the larger types predominating. Many abnor- 
mal red corpuscles. 

2. Bone marrow shows marked erythropoiesis, the yellow marrow 
being replaced. The spleen is enlarged sometimes to a considerable 
degree. Lymph nodes are sometimes slightly enlarged, particularly 
those of the abdomen. 

3. Microscopically in the marrow there is a replacement of the fat 
by embryonal cells of the erythrogenetic group, with an apparent 
crowding of all normal marrow cells. Even the strands of erythro- 
genetic tissue seem less numerous than normal. The predominating 
cell is polygonal with a vesicular nucleus and considerable cytoplasm 
which is non-granular. The spleen shows a productive type of proc- 
ess in the red pulp, in which erythrogenesis appears to be active. 
L3rmph nodules are crowded by the infiltration or proliferation and 
some appear to be obliterated. In the lymph nodes there is an infil- 
tration between the l3miph nodules and, in this infiltration and in the 
spleen, megakaryocytes in all stages of development are usually 
found. These cells in certain stages of development may be confused 
with the Dorothy Reed cells and a diagnosis of cellular Hodgkin’s 
disease made. 

4. No new reticulum is formed. 

5. Irradiation sensitivity — no data. 

III. Erythrocytoma, Aleukemic 

There are no cases of this type in the Registry. The condition of 
erythroblastic anemia seen in the earlier age groups appears to sat- 
isfy the requirements of this position.^ 

IV. Erythrocytic Sarcoma 

{a) Aleukemic: 

Not observed in the Registry material. (See note above.) 

(b) Leukemic: 

This condition was distinguished from the leukemic erythrocy- 
toma by the presence of metastases in the one case that has been 
observed. These metastases were smaU hemorrhagic nodules of 
erythrogenetic tissue. 
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The group of conditions arising from the stem cell of the red cor- 
puscles is of particular interest because so few cases have been recog- 
nized. In this study the writer has used the term erythrocyte to 
indicate the nucleated form preceding the cell which after loss of its 
nucleus becomes the corpuscle. Other terms are difficult to adapt, 
but it is realized that erythrocyte is used as a synonym for red blood 
corpuscle. 

In this group few %vill disagree with the placing of symptomatic 
polycythemia in the reactive position. It is also possible that even- 
tually all cases of polycythemia vera, erythremia, can be so placed, 
but the blood, marrow and spleen in cases of erythremia are analo- 
gous in their enlargement and activity to the picture seen in chronic 
myelocytic leulcemia. Careful study of the blood in erythremia oc- 
casionally shows blasts, while among the leukocytes are usually 
found atypical mononuclear cells which cannot be definitely placed 
in the myelocyte group. 

The analogue of acute leukemia in this group is characterized by a 
leukemia of non-granular cells having little cytoplasm and which 
cannot readily be differentiated from embryonal lymphocytes. 
In addition, however, there are numerous ‘‘blast” types and many 
abnormal corpuscles. The bone marrow in general is red, but with 
pale areas or large involvements of solid tumor-like tissue replacing 
the normal marrow. In the spleen the change or proliferation is in 
the red pulp, there being no proliferation of the malpighian nodules. 

In the spleen and to some extent in the lymph nodes there is active 
erythropoiesis, which in the nodes appears as a part of an infiltrative 
process composed of undifferentiated cells, erythroblasts and a dif- 
fuse infiltration of the mature forms, the red corpuscles. Except for 
the type of cell the picture is that of a myelocytic condition. Hasty 
examination of the blood film usually leads to a diagnosis of acute 
lymphatic leukemia. The marked tendency to hemorrhage and the 
large number of “blasts” in the fihn are the clues that suggest the 
correct diagnosis. The formation of typical adult megakaryocytes 
in the affected tissues is of value but also seems to confuse the con- 
dition with Hodgkin’s disease. The lack of sclerosis and the infre- 
quency of typical Dorothy Reed types is of assistance in differentia- 
tion. In the nodes the fact that the process is infiltrative and does 
not show proliferation of the l3nnphocytes of the nodules or the inter- 
nodular stroma is an important differential point. 
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The Reticulocyte (Monocyte) 


Certain reactive conditions show such a preponderance of reticular 
hyperplasia that they are placed in this group rather than in that of 
the lymphocy^. These include tuberculosis, leprosy, tularemia and 
some others. IHodgkin’s disease is characterized by a reticular hyper- 
plasia and the^-called Hodgkin’s sarcoma is a reticulum cell sar- 
coma which shows more cellular pleomorphism than the typical re- 
ticulum cell sarcoma. However, as there is so much controversy as 
to whether the conditions generally diagnosed Hodgkin’s disease are 
reactions to infection or are neoplasms, they are placed in a separate 
column but under the heading designating conditions of reticulum 
cell hyperplasi^l 

I. Reactive Reticulocyte Hyperplasias 


Examples are tuberculosis, leprosy, tularemia, and possibly the 
conditions of unknown etiology — Gaucher’s and Niemann-Pick 
disease, which appear to be hyperplasias of reticulum cells. 


II. Reticulocytoma, Leukemic — Syn. Monocytic Leukemia 


The existence of this condition is now well established. Only one 
case is included in the Registry. 

I. Leukemia of large cells of monocyte type having oval, bean- 
_ shaped or irregularly lobed nuclei and considerable basophilicpale cy- 
toplasm. These cells are most difficult to separate from myelocytes, 
and differentiation by the blood film depends on precise staining. 
The cytoplasm is more abundant than in myelocytes, the size is 
more uniform and good staining brings out their essentially non- 
granular character. Accentuation of the acidophilic dye may show 
fine granules close to the nucleus. Too few cases have been observed 
to make further suggestions as to their differentiation, but the vital 


stains should be of value. 

2. The spleen, lymph nodes and lymphatic structures are en- 
larged to varying degrees. 

3 r Microscopically there is a proliferation of rather typical retic- 
ulumxells between the nodules of lymph nodes and at the periphery 
of malpighian nodules in the spleen. The lymphatic nodules are not 
increased in size. Mitoses in the case observed were rare.y 
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4. The proliferation is characterized by a delicate meshv/ork of 
reticulum closely surrounding the individual cells. 

5. Irradiation — no available data. 


III. Reliculocylmna, Aleukemk — {Usually Termed Relkulum 

Cell Sarcoma) 

1. The blood is aleukemic, though there may be an increase in 
monocytes, particularly after irradiation. 

2. Enlarged lymph nodes without true metastasis. 
^.^Microscopically there is a diffuse hyperplasia of reticulum cells 

obliterating the node structure, with some areas and nodules of small 
lymphocytes remaining in the smaller and presumably more re- 
cently involved nodes^ 

4. Reticulum surrounds each cell, forming a delicate meshwork. 

5. Sensitivity to irradiation not determined by Registry material. / 


IV. Reliculocylic {Reticulum Cell) Sarcoma 

I I. Aleukemic: Monocytes may increase in the blood following 
\ irradiation. 

2. Enlarged Ijmph nodes, spleen, or both, with metastatic de- 
posits, invasion of adjacent tissues, or both. 

3. Microscopically the cells are atypical reticulum cells sur- 
rounded by a delicate meshwork of reticulum. The cells show vary- 
ing degrees of abnormality up to extremely bizarre forms in the most 
malignant types. Invasiveness may be slight, but infiltrative me- 
tastases involving parenchymatous organs, and especially skin, are 
frequent. 

4. The intimate delicate reticulum constitutes a most important 
differential point for the diagnosis of this condition and its separa- 
tion from large-celled lymphocytomas and small-celled carcinomas. 

5. Sensitivity to irradiation not determined in Registry material. 


Hodgkin’s Disease 


\ There are two distinct clinical forms of this condition, which to a 
Im^e extent is localized, spreads by continuity and to local lymphatic 
structures, and sometimes terminates in sarcoma. The other is the 
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generalized form which spreads to nearly all lymph node groups, to 
liver, spleen or both, though there is usually a focus of greater in- 
tensity or degree of swelling. 

I. Localized Form 

1. Blood changes not diagnostic. In febrile phases there is a 
pol3nnoiphonuclear leukocytosis, and particularly in the later stages 
or after irradiation there may be an increase in monoc3d;es. Eosino- 
philp are often moderately increased. 

2. *^ Local swelling of lymph node groups with more or less fusion of 
the nodes. Frequent sites are neck, mediastinum and abdomeni In 
the thorax the process may invade the lung by continuity or extend 
along bronchial lymphatics. In the abdomen the liver may contain 
nodules here and there without generalized involvement. The spleen 
may contain irregular masses. Small nodes are pale pink and trans- 
lucent, but soon show areas of yellowish opacity and softening. 
Spontaneously, and especially after irradiation, there is much fibro- 
sis which in large amounts is almost cartilaginous in consistence. 

3/ The earliest changes are seen in small nodes, that is, ones re- 
cently involved by the process, as the larger nodes show such com- 
plete obliteration of their structure that the sequence of events can- 
not be followed. In these small nodes there is a proliferation of the 
reticulum of the internodular stroma and more or less proliferation 
of the lymphocytes of the primary nodules. Large cells are formed 
and later the typical multinucleated Sternberg cells. The process is 
usually quite definite in the internodular stroma before the prolifer- 
ating reticulum cells appear in numbers in the lymph nodules, also 
the new reticulum is quite dense between the nodules before it in- 
vades these structures. The reticulum is gradually replaced by colla- 
gen though the remnants of the lymph nodules can usually be made 
out. The l3anphocytes gradually decrease during this sclerosing 
process, which goes on more rapidly if irradiation is us^( Necrosis 
varies in different cases and appears to start at the node periphery 
in the early phases. No node of small size which could be considered 
the starting point of a Hodgkin’s process has been described./ It is 
possible that the primary lesion is characterized by early necrosis 
and that the proliferative changes are secondary. These localized 
processes in the gross cannot be distinguished readily from tuber- 
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culosis, especially the extrapulmonary lymph node involvements 
which are not rare in the negro race. MicroscopicaUy the absence of 
tubercle formation and the cell picture serve to differentiate. A con- 
siderable number of eosinophiles is usually seen in the tissue, espe- 
cially in the early cellular phase. 

4. The proliferating cells form reticulum, which is gradually re- 
placed by collagen in the sclerotic process. In nodes almost wholly 
sclerotic small areas of reticulum representing former lymph nodules 
are surrounded by dense, relatively acellular collagenous rings repre- 
senting the intemodular stroma, y 

5. Irradiation increases the rapidity of the sclerosis and reduces 
the size of the swelling, and at the same time reduces the hyperplasia, 
especially that of the lymphocytes. 

II. (Sec Relicnlocytoma, Leukemic) 

III. The Generalized Form 

1. Blood changes not diagnostic. Febrile attacks, as in the local- 
ized form, may be accompanied by leukocytosis of the polymor- 
phonuclear variety, while irradiation may lead to considerable in- 
crease in the monocytes, or these cells may increase spontaneously. 

2. Starting usually from some one area of enlargement of lymph 
nodes or spleen the process causes in a relatively short time a gen- 
eralized enlargement of lymph nodes and lymphatic structures. The 
generalized enlargement of the liver is especially noteworthy, though 
not always present to a marked degree. Grossly the organ is not char- 
acteristic but often the enlarged portal areas are visible. This type 
remains confined to the lymphatic structures, does not invade and 

3. Histological examination shows a cellular picture with less 
sclerosis, especially in the form that involves the lymphatic struc- 
tures of the intestine. In the liver practically every portal space 
shows reticulum cell proliferation with enlargement while the Kup- 
ffer cells appear to be more abundant. In the spleen the proliferation 
is around the malpighian nodules and sometimes extends into them 
and obliterates the structure. The red pulp is not affected, except by 
enlargement of the nodules. In the nodes the process appears to start 
in the intemodular stroma where there is proliferation of reticulum 
cells, which produce abundant reticulmn of looser mesh than in the 
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localized type. There are fewer typical Sternberg cells but the large 
uninucleated reticulum cells are abundant, quickly invade the lymph 
nodules and increase the amount of reticulum. Sclerosis is slow and 
in the intestinal involvements httle if any collagen is laid down. 
Necrosis is slight or absent. Eosinophiles are rare or absent. 

4. This condition is characterized by the formation of abundant 
reticulum. Under irradiation there is sclerosis and collagen forma- 
tion, but otherwise there is less sclerosis than in the locahzed form. 

5. Sensitive to irradiation to some degree, but the generahzation 
of the process renders adequate irradiation impossible. 

IV. Hodgkin'’ s Sarcoma 

1. No cases with leukemia have been observed. 

2. Occasionally during the course of a focal or generalized Hodg- 
kin’s disease there may occur a metastasizing neoplastic process, a 
true sarcoma. This sarcomatous change may come early or late in 
the course of the disease. It is prone to occur earlier in the more 
cellular types of lesion and at the younger ages. It may be the ter- 
mination of slow processes, particularly those of a focal or localized 
nature which have been kept, sometimes years, under a certain 
degree of control by irradiation. 

3. The cell of this tumor is the reticulum cell. The microscopic 
picture is that of reticulum cell sarcoma, sometimes with little pleo- 
morphism, though usually there is much more than in the typical 
reticulum cell sarcoma. Metastases in other than lymphatic organs 
show less pleomorphism and fewer infiltrating lymphocytes, though, 
like true lympho-epithelioma, Hodgkin’s sarcoma and reticulum cell 
sarcoma, they usually show considerable l3anphocytic infiltration. 

4. The reticulmn is the same as is found in reticuliun cell sarcoma. 

5. There are no data available on the sensitivity of this condition 
to irradiation. 

In the monocyte or reticulum cell group the characteristic dif- 
ferential criterion is the production of argentophile reticulum by the 
proliferating cells wherever these produce tissue or, in other words, 
are not purely infiltrative. In lymph nodes this is best seen in the 
intemodular stroma; in the spleen in the peripheries of the mal- 
pighian nodules. In the sarcoma types the entire node may be in- 
volved, or only a part, as in a metastasis. Most of the reticulum cell 
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tumors composed of uniform, atypical cells are sarcomatous in that 
definite metastases occur. 

Group III, the aleukemic reticulocytoma, is usually considered to 
be sarcoma, but there are a few cases in which the lesions were con- 
fined to lymph nodes and the changes were very like those of mono- 
cytic leukemia. 

Reticulum cell sarcoma really includes Hodgkin’s sarcoma and 
it is a better term for the condition. 

The two types of Hodgkin’s disease described appear to the writer 
as quite different conditions. The localized type has all the charac- 
teristics of an infectious granuloma, more like tuberculosis than 
any other known disease. The generalized type is more a hyper- 
plasia with lesions closely resembling the cellular phases of the local- 
ized form, but without the tendency to necrosis and sclerosis. 

The localized form frequently shows hepatic involvement in scat- 
tered nodules or massive infiltrations, just as is sometimes seen in 
tuberculosis. The generalized form, however, when it involves the 
liver affects all the portal areas, the lymphatic structures of the liver, 
in a manner similar to the lymphocytic involvement of these areas in 
lymphatic pseudoleukemia. 

The material reviewed is still too scanty to justify the placing of 
this generalized form definitely as an aleukemic reticulocytoma, but 
it appears quite possible that such is the case and that it is not a re- 
active hyperplasia. Likewise many more completed cases must be 
accumulated to establish definitely that Hodgkin’s disease in any 
form is an infectious granuloma. Termination in a definite sarcoma- 
tous condition is certainly tmusual for granuloma but quite frequent 
in hyperplasias of lymphocytic and myelocytic tissue. The search 
for an etiological agent is definitely outside the scope of this Registry. 

Discussion 

The foregoing statements are based on Registry cases in which ade- 
quate material and clinical data have been supplied. This classifica- 
tion is offered for criticism and to stimulate discussion and the con- 
tribution of cases which will either support, refute, or modify the 
opinions herein expressed. 

^/Considerable evidence has been presented heretofore that these 
conditions are closely related and that there have been cases showing 
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transitions between the groups arising from the different cells. This 
is especially true of the condition termed Hodgkin’s disease.'^ 
There is no evidence in the Registry material that this occurs. The 
term Hodgkin’s disease, in recent years, has been applied to cra- 
ditions of various types because of the presence of large multinu- 
cleated cells, or because of the cUnical similarity between the cases, 
just as Thomas Hodgkin confused several of the groups over 100 
years ago. We have ignored the facts that practically any malignant 
cell in some phase of its malignancy may produce multinucleated 
forms and that the clinical symptoms of a neoplastic condition are 
dependent on the location of the involvement, rather than on the 
type cell of the growth. In the Registry material myelocytomas, 
both granulocytic and erythrocytic, reticulum cell tumors, sarcoma- 
tous and not sarcomatous, and aleukemic lymphocytomas, especially 
the nodular type, have been diagnosed Hodgkin’s disease. It is 
believed that error in the original diagnosis is thus responsible for 
the confusion that has led to the conception that Hodgkin’s disease 
may terminate in either the lymphocytic or myelogenous group. 

As Hodgkin’s disease in its mahgnant phase is a true metastatic 
tumor, or as a true metastatic tumor may develop during the course 
of t)^ical Hodgkin’s disease, we must determine what the cell is 
that forms this malignant condition. In the Registry group the cells 
of the metastases in the sarcomatous phase of Hodgkin’s disease 
have produced abundant reticulvun and have not conformed to the 
morphology of either lymphocytes, large or small, or any cell of the 
myelogenous group. None of the other groups, lymphocytomas 
or myelocytomas, both of the granulocyte and erythrocyte types, 
produces reticulum. Monocytic leukemias and the reticulum cell 
tumors produce it in abundance.^In fact, many of the so-called 
Hodgkin’s sarcomas cannot be dmerentiated from reticulum cell 
sarcoma. Hodgkin’s sarcoma is often, but not always, more pleomor- 
phic, while reticulum cell sarcoma sometimes shows considerable 
variation in the size and shape of the c^s. 

Skin lesions are occasionally foimd in all groups. Hemorrhagic 
types of lesion were present in all three cases of the erythrocyte group 
and are more frequent in the myelogenous than in the lymphogenous 
conditions. 

The first phenomenon noted in reticulum cell involvements maybe 
a s kin manifestation, or the hyperplasia may appear to follow or 
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terminate a condition characterized by diffuse skin eruptions. 
Mycosis fungoides is allied to or is a type of the reactive Hodgkin’s 
granuloma. 

In general it has been found much more satisfactory to depend on 
the characteristics of the cell growth, its location and extension, than 
on the type of cell. Many of these cells cannot be distinguished from 
one another in the tissues, especially in the more or less atypical 
forms in which they occur in these tumor and tumor-lilce conditions. 

It is fully realized that there are bizarre conditions arising from 
some of these cells that do now and will in the future defy classifica- 
tion, These often are seen in very early life and are rapidly fatal. 
Some may be embr>mnal tumors of a cell preceding any differentia- 
tion. Most of them are so malignant that death ensues before diag- 
nosis or adequate study is made; however most of t his group of 
tumors and tumor-like conditions are proliferations of cells so far 
differentiated as to maintain certain diagnostic characteristic 
Transformation of a cell that looks like a Ijmphocjrte into a myelo- 
cyte, monocyte, and so on, may and probably does occur, but there is 
'•some doubt in such cases whether the cell was, in fact, a lympho- 
cyte. Is it not more probable that it was a cell that could not be 
differentiated by the methods used^ 

It is of the utmost importance tnat adequate material, well pre- 
pared, be available for study, especially when one desires to classify 
the condition. A “chewed out” piece of lymph node or a poor sec- 
tion offers little possibility for diagnosis, except in the simplest cases. 
When lymph nodes are removed a large and small one both should 
be included. A well stained blood film is necessary. 

Summary 

1. A discussion of the tumors and tumor-like conditions arising 
from the stem cells of the lymphocytes, the granular leukoc3rte, 
the red blood corpuscle, and the reticulum cell or monoc^i;e is pre- 
sented. 

2. A classification of these conditions is presented, based on a 
study of the cases of the Lymphatic Tumor Registry of the American 
Association of Pathologists and Bacteriologists. 

3. Certain criteria for the differentiation of the conditions are 
given in explanation or elaboration of the tabular presentation of the 
classification. 
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Certain evidence is presented that some conditions or din arily 
classified as Hodgkin’s disease belong to the reticulum ceU group, 
either as reactive hyperplasias, aleukemic reticulocytomas, or reticu- 
lum cell sarcomas. 
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Plate hi 

Fig. I, Photograph of a section of lymph node from a case of lymphatic leu- 
kemia showing variations in cell size and giant cells. Hematoxylin and 
eosin stain. 

Fig. 2. Reticulum stain from a section of the same node shown in Fig. i. This 
is the characteristic reticulum of lymphocytic tissues. The lymphocytes 
do not form this reticulum. Similar reticulum is also seen in myelocytic 
hyperplasia. It is the normal reticulum of the node, produced by the reticu- 
lum cells. Compare with Figs. 6, 8, lo and 12. 
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Fig. 3. Spleen in myelogenous leukemia. Note the proliferation is between the 
nodules, which arc somewhat atrophied. 'J’he change is in the red pulp, and 
differs distinctly from the change in lymphocytic proliferation in which the 
nodules are increased in size, encroaching on the red pulp. 

Fig. 4. From a section of lymph node in erythrocytic leukemia to show U^pical 
megakaryocytes. Hematoxylin and eosin stain. 
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Plate 113 

Fig. 5. Section from the same node as Fig. 4. A young megakarj'ocyte is seen 
in the lower right hand corner. The pyknotic cells arc “blasts.” Note a 
diffuse infiltration of red blood corpuscles, a picture suggesting that these 
have been formed locally. 

Fig. 6 . Lymph node in monocytic leukemia stained for reticulum. Note the 
characteristic reticulum in close contact with the proliferating cells. Note 
also that the proliferation is between nodules or around them. This nodule 
is decreased in size and is invaded to a slight extent at the periphery by the 
proliferating cells and the reticulum they produce. 
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Plate 114 

Fig. 7. Section of a lymph node from the same case shown in Fig. 6. Note the 
character of the cells. Without the help of difTcrential staining of the inter- 
cellular reticulum it is difficult to differentiate such cells from large lympho- 
cytes and marrow cells. Hematoxylin and eosin stain. 

Fig. 8. Section from the same block as Fig. 7, stained for reticulum. Note the 
intimate relation of the reticulum to the proliferating cells. Figs. 6, 7 and 
8 are from the same case. 
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Plate 115 

Fig. 9. Spleen of Hodgkin’s disease, reactive t3'pe. Note that the reticulum cell 
proliferation surrounds the malpighian nodule and has not involved the 
central part of the nodule. The nodules in this case were somewhat en- 
larged, as is frequently the picture at the beginning of the reaction. The de- 
crease in nodule size appears to be due to the gradual encroachment of the 
process on the nodules, both in Ijmiph nodes and in spleen, but the process 
starts as an extranodular reaction. 

Fig. 10. Reticulum stain of a lymph node in the reactive tj-pe of Plodgkin’s 
disease. Note the dense reticulum on the outside of the nodule shown in the 
upper and right hand portions of the photograph. The central and left 
hand portions are a part of a primaiy' nodule, which at this time had be- 
come considerably infiltrated bj' the proliferating reticulum cells. 
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Plate ii6 


Fig. II. Section of a generalized Hodgkin’s process. This is from a lymph node 
and shows the pleomorphic character of the process. Hematoxylin and 
eosin stain. 

Fig. 12. Reticulum stain of a section from the same block as Fig. ii. This 
shows the characteristic reticulum of the diffuse Hodglan’s process and 
demonstrates the fact that it is a hyperplasia of reticulum cells. 
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STUDIES ON THE MYOCARDIAL ASCHOFF BODY * 

I. DESCRIPTIVE CLASSmCATION OE LESIONS 

Louis Gross, M.D., and Joseph C. Ehrlich, M.D. 

{From the Laboratories of the Mount Sinai Bospital, New York, N. Y.) 

Although Romberg ^ in 1894 is generally considered the first to 
have described the inflammatory lesions in the myocardium now 
known as Aschoff bodies, it would appear that they were reaUy 
first reported by Gk)odhart ^ in 1879. This author observed inter- 
stitial cell growth around vessels and between myocardial fasciculi in 
a typical case of rheumatic fever that showed at autopsy verrucous 
endocarditis (hempseed size) of the mitral and aortic valves, and in 
all probability a fibrinous pericarditis. As is well known, the asso- 
ciation between rheumatic fever and cardiac injury was suspected 
and noted long before this. However, this short introductory review 
will deal only with the historical development of our knowledge of 
the myocardial Aschoff body and will accordingly be limited to 
those workers whose contributions in this field marked a definite 
advance. 

In 1887 Cadet de Gassicourt ^ suggested that the inflammatory 
process in “rheumatism” starts in the depth of the muscular sub- 
stance and is made evident by proliferation of interstitial tissue. In 
1890 Krehl ^ made the significant observation that in a case of acute 
verrucous endocarditis there were present m the heart perivascular 
infiltration, increase in connective tissue and changes in the coronary 
arterioles which were, in all probability, the lesions at present receiv- 
ing considerable recognition. Krehl observed these processes occur- 
ring more frequently in the left ventricle, particularly under the 
auriculoventricular ring. 

Romberg ^ also noticed the preponderance of infiltration at the 
tendinous valvular insertion fine and in the inner and posterior por- 
tions of the left ventricle. His observation of increased interstitial 
tissue and the presence of large cells is significant, as are his descrip- 
tions of vascular involvement. Three months later Bret ® published 

* Aided by a grant from the Lucius N. Littauer Foundation. 
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a more detailed description, referring to the cells as “embryonnaire,” 
an observation which, in the light of modern conceptions on the 
origin of the Aschoff body, was quite remarkable- Bret observed 
enlarged pyknotic nuclei, a peculiarity in the staining properties of 
the cytoplasm, the occurrence of a caseous material surrounded by 
these large cells, all lying between the muscle fibers — in short, a 
picture that undoubtedly represents the type of Aschoff body that 
wiU be described in this report as the coronal variety. 

The previously mentioned authors, however, failed to make v/hat 
turned out to be the most critical and important contribution in the 
study of these lesions, namely, their recognition as specific for rheu- 
matic heart involvement. It remained for Aschoff definitely to 
establish a new era in the study of rheumatic fever when he an- 
nounced that these lesions were specific for this disease. In As- 
choff’s ® 1904 report, based on a study of 5 cases of articular rheuma- 
tism from a collection of 150 hearts studied by Tawara, he observed 
the characteristic nodules in 2. Aschoff described the simultaneous 
occurrence of blood vessel lesions simulating periarteritis nodosa, the 
submiliary size of these nodules, the tendency for the cells to assume 
fan and rosette arrangements aroimd central necrotic areas, the large 
indented nuclei, the presence of giant cells and the peripheral zone 
of polymorphonuclear leukocytes and lymphoc3^es. He suggested 
the ultimate transformation of the nodules into connective tissue, 
thus predicting future descriptions of the life cycle of the lesion, and 
believed the characteristic cells arose from leukocytoid elements 
derived from the adventitial cells of the blood vessels. 

The following year Geipel " gave an excellent detailed description 
of his findings in the hearts from 5 cases of acute verrucous endo- 
carditis of rheumatic origin. Believing the cells to arise from con- 
nective tissue this author was of the opinion that the “rheumatic 
poison” affects connective tissue with resulting cellular reaction 
and breaking down of collagen and cell cytoplasm. He observed that 
the nodules occurred in the 5th to 6th week after the onset of the 
disease, that they can reach a breadth of 80 microns and a length of 
880 microns, can occur in the interstitial as well as perivascular con- 
nective tissue, that the giant cells result from both multiplication of 
nuclei and confluence of individual cells, and that the groimd sub- 
stance eventually becomes fibrillar and transforms itself into con- 
nective tissue — a description that remarkably portrays one aspect 
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of the life cycle of the lesion as we know it today. Because of the 
fact, however, that Geipel observed similar myocardial nodules in a 
case of renal arteriosclerosis without a history of rheumatic fever 
(but with adherent pericardium) he came to the conclusion that 
these lesions were not specific. 

In igo6 Aschoff and Tawara ® reported 23 additional cases. In 
this paper the observation that the nodule did not bear as definite a 
relation to the blood vessels as had been stated before was recorded. 
They also added the description of the distinct nucleolus of the char- 
acteristic cell, mentioned the presence of mitotic figures and denied 
the origin of the giant cells from myocardium, mentioning the 
lymphocytoid cell as possibly giving rise to the characteristic cells. 
In the same year Aschoff ® discussed the appearance of nodules in the 
conduction system. In 1907 Coombs described the Aschoff body, 
confirmed its specificity and added the observation that the cyto- 
plasm tended to be amphophilic. In 1908 Saigo postulated an 
epithelioid and muscle cell origin of the Aschoff body. In 1909 
Takayasu described a variety of Aschoff body that will be re- 
ported in this paper as belonging to the mosaic type. This author 
did not consider the lesion strictly specific. In the same year Bracht 
and Wachter emphasized one of the most important histological 
properties of the cell cytoplasm, namely its basophilia, and also laid 
stress on the subendocardial sites of these lesions. In his 1911 report 
Coombs stated that the ground work of the Aschoff body may con- 
tain fibrin, that the auricles are rarely the site of these lesions and 
that the papillary muscles and septum usually escape the rheumatic 
damage, whereas the central fibrous body and the tissue around it 
are especially susceptible to the inflammation. In 1914 Thalhimer 
and Rothschild again emphasized the specificity of the Aschoff 
body, mentioned the presence of several types of lesions in the 
myocardium, and described the “streamer-like” processes of the 
cytoplasm. In the same year Mallory described the degenerated 
collagen fibers slowly attacked by endothelial leukocytes which 
sometimes formed giant cells. 

In a discussion of a paper by Huzella before the German Path- 
ological Society in 1914 both Fraenkel and Aschoff again drew atten- 
tion to the chief role played by connective tissue injury in the 
development of these lesions. In 1921 Fahr compared the tissue 
changes in the myocardixim and knee joints as they occur in scarlet 
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fever and in acute rheumatic fever. While pointing out certain 
similarities in the myocardial lesions he definitely considered that 
the qualitative and quantitative differences in the two lesions v.^ere 
sufficient to establish the rheumatic lesion as specific. In his 1924 
monograph Coombs expressed the belief that the characteristic cell 
in the Aschoff body developed from vascular endothelium. 

In 1926 Sacks published his excellent review on the pathology of 
rheumatic fever in which he suggested the subcutaneous nodule as a 
fruitful source for studying the origin of these cells by means of su- 
pravital stain technique. Sacks considered these cells as possibly 
arising from histiocytes. In 1929 Talalajev/ made an important 
contribution to the study of Aschoff bodies, emphasizing again the 
important role of collagen swelling and necrosis and describing three 
phases in the life cycle of the lesion, namely swelh'ng of collagenous 
bundles wth exudation, proliferative processes with development of 
syncytial masses, and finally sclerosis. In this paper Talalajew at- 
tempted to correlate the evolution of the lesion vith a time com- 
ponent. He believed that the first phase (exudative) may be seen at 
the end of the 2nd or 3rd week of the disease; the second phase 
(proliferative) may be completely developed at the end of the ist or 
2nd month and last, at times, for 6 months. The third phase (sclero- 
sis) may appear during the 2nd month and may last for 6 months. 
In the same year Clawson’s^ observations led him to doubt the 
specificity of these lesions. He did not believe that they have dis- 
tinctive histological characteristics and claimed that they are at 
times found in other diseases (subacute bacterial endocarditis, scar- 
let fever and syphilis). He observed all stages in the histological 
appearance of these lesions between polyblastic types and abscess- 
like forms. In the same year also, Gross, Loewe and Eliasoph ^ de- 
scribed unsuccessful attempts to transmit the disease to animals, 
laid down certain criteria whose fulfilment was essential in order to 
justify the claim, on a histological-anatomical basis, that the disease 
has been experimentally reproduced and, in a discussion on reported 
work, concluded that this disease as yet had not been successfully 
transmitted to animals. 

In a report on the results of our studies on Aschoff bodies, pre- 
sented before the American Association of Pathologists and Bac- 
teriologists in 1930, we ^ described several types of Aschoff bodies 
probably representing different stages in the life cycle of this lesion. 
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We also described the development of a network of argentophih'c 
reticulum fibers and emphasized the collagen swelling as the con- 
spicuous feature of the early injury. Shortly after this Klinge and 
his co-workers published a series of reports dealing with the patho- 
genesis of rheumatic fever in which, amongst other observations, 
they stressed fibrinoid degeneration of the ground substance as being 
the conspicuous feature of the early lesion {FriihinJiUrat). They also 
observed the characteristic silver-staining reticulum and described 
the Aschoff body in subacute and chronic stages, the healing scars 
and the lesions in the recurrent cases. They were strongly impressed 
by the allergic and hyperergic (Swift, Derick and Hitchcock 2®) con- 
cept of the origin of these lesions and believed that they had repro- 
duced Aschoff bodies by properly sensitizing animals. They con- 
sidered the characteristic cells to arise from the mesenchymal 
elements, a conception all the more interesting in view of Bret’s 
hypothesis 35 years before this work appeared. 

In 1930, however, Fahr again emphasized the histological dif- 
ferences between the lesions found in scarlet fever and in rheumatic 
fever and denied the identity of Klinge’s experimental lesions with 
those of true rheumatic fever. In 1932 McEwen made supravital 
stains on scrapings from subcutaneous nodules. He concluded that 
the essential elements are cells arising from the mesenchymal ele- 
ments of loose connective tissue, although endothelial cells may take 
part in this formation. These cells are characterized by their almost 
complete lack of phagocytic power and are not characterized by the 
reactions with neutral red which distinguish monocytes, epithelioid 
cells and clasmatocytes. 

In his monograph on rheumatism published in 1933 Klinge 
compiled the nmnerous reports published by himself and his co- 
workers and extended some of the observations. With regard to the 
life cycle of the Aschoff body he found that at the end of the 2nd 
week of the illness this lesion is represented by swelling of the 
“ground substance” of the collagen bundles, increase in connective 
tissue and wandering cells, with the presence of occasional giant cells. 
After the 4th week many swollen and multinucleated cells are found 
arranged either as a rosette aroimd the swollen collagen, or dis- 
persed throughout it. The center of the lesion gives a fibrin stain. 
The ceils may show cytoplasmic streamers and present poorly out- 
lined edges. An argentophilic reticulum is present. From this point 
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on, involutionaiy changes take place through the disappearance of 
the giant cells and fibrin and the development of connective tissue 
cells. In the last stages loss of the argentophilic properties takes 
place and the mass is converted into scar tissue. 

It is obvious from this brief review that considerable obscurity 
still exists on the nature, histology and specificity of the Aschoff 
body. At least one of these points appears to be amenable to fairly 
exact study, namely, the histology of the lesion. It seems reasonable 
to assume that much of the confusion in the descriptive literature is 
due to the fact that different stages in the life cycle of the lesion have 
been emphasized by various authors as the typical Aschoff body. 
In this report we propose to present a simple histological classifica- 
tion and description of the lesions based on a study of 70 hearts 
obtained from cases in which diseases other than rheumatic fever 
could reasonably be ruled out. It will be seen that the lesions fall 
naturally into a few definite and more or less easily recognizable 
categories which, parallel clinical studies lead us to believe, reflect at 
once the stages in the life cycle of the lesion, as well as individual re- 
actions of the given tissue. 

So many authors have emphasized the dominant role played by 
injury to the coUagen framework in the development of the Aschoff 
body that this can be considered an accepted fact. While a consid- 
erable concentration of collagen is found around blood vessels and in 
the subendocardium its distribution in the heart, considered as a 
whole, is not so widespread around the vascular bed and subendo- 
cardium as it is in the interstitial tissue between the muscle bimdles. 
It is not surprising, therefore, that while the perivascular and suben- 
docardial situations of the Aschoff body have been repeatedly em- 
phasized in a considerable number of reports, many authors have 
observed that this lesion is by no means confined to these sites. On 
the contrary, even though they appear to be the sites of predilection 
in a number of cases, it would seem that the interstitial myocardial 
connective tissue is much more frequently involved. It is in this 
looser tissue that the lesions present a series of evolutionary phases 
relatively unhampered by dense collagen and elastic tissue and 
where, therefore, their life cycles can be traced in their more striking 
and characteristic forms. It is for these reasons that our descriptions 
and classification will be confined to the Aschoff body found in the 
interstices of the myocardial bundles. These will be referred to as 
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“myocardial Aschoff bodies,” in contradistinction to the lesions 
found in the endocardium, subendocardium, adventitia of the blood 
vessels and in other organs. In the case of Aschoff bodies occurring 
in other organs the difficulty of obtaining sufficient material for 
statistical studies renders it inadvisable to attempt a classification 
at this time. In some tissue, viz., subcutaneous nodules, tendon 
sheatlis, and so on, legitimate doubts exist concerning the identity of 
tliese lesions with those found in the interstitial tissue of the myo- 
cardium. The nodules foimd in the adventitia of the blood vessels, 
endocardium, subendocardium and pericardium will be discussed 
briefly. 

General Considerations 

It has been mentioned already that the origin of the characteristic 
cell of the Aschoff body has been variously attributed to “leuko- 
cytoid elements” from adventitial cells, myocardial cells, epithelioid 
cells, endothelial leukocytes, vascular endothelium, histiocytes, 
“polyblasts,” “l)miphocytoid cells,” connective tissue cells and 
undifferentiated mesenchymal elements. A careful study of con- 
siderable material indicates that only the three latter sources de- 
serve serious consideration. While a study of subcutaneous nodules, 
as carried out by McEwen,^^ is of considerable importance, one can- 
not make the basic assumption that one is here dealing with a proc- 
ess identical with that occurring in the Aschoff body, even though 
the etiological agent is the same. Certainly, the subcutaneous nodule 
presents a histological appearance that is different from that of the 
Aschoff body, and apparently lacks the clear-cut specificity of the 
latter (Saphir and Wile . It is important in this connection that 
of the eight authors cited by McEwen as discussing the origin of the 
characteristic cells in the Aschoff body, and in the subcutaneous 
nodules, seven suggest a different origin for each. 

Studies on the Aschoff body very early in its development in- 
variably disclose a swelling of the interstitial collagen fibers as the 
most conspicuous phenomenon. The lesion shows swelling and fu- 
sion of the fibers with development of intense eosinophilic proper- 
ties. According to Edinge,^ these fibers do not imdergo dissolution. 
The groimd substance swells, takes the picric acid stain with Van 
Gieson’s method and stains with fibrin methods. On the other hand, 
argentophilic fibrils are preserved. With the resolution of the in- 
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flammatory process these newly acquired tinctorial properties dis- 
appear. 

Even in these very early stages two distinct types of lesions are 
recognizable. One type, apparently arising in those areas where the 
collagen occurs in the form of relatively large compact masses, main- 
tains for some time this dense collagenic structure and eventually 
gives rise to what we shall term the coronal Aschoff body (Fig. i). 
The other type arises in the looser connective tissue where the col- 
lagen strands occur as more or less isolated fibers. This eventually 
gives rise to the reticular t3q)e of Aschoff body or “ FmJdnJiltrat’^ of 
Edinge (Fig. 2). 

Simultaneously with the swelling of the collagen one observes a 
local accumulation of small round cells with spherical nuclei and ex- 
tremely inconspicuous cytoplasm, indistinguishable from lympho- 
cytes (Fig. 3). Whether these cells actually represent lymphocytes 
or originate from previously existing fibroblasts, or from histiocytes, 
i. e., mature differentiated cells, or from the undifferentiated mes- 
enchyme (Hueck^'*), it is as yet impossible to determine. It seems 
best, therefore, to designate these original cells as “mesenchymal 
cells” in order to avoid further controversy, bearing in mind the 
fact that this designation does not necessarily connote a direct der- 
ivation from the primitive mesenchymal system that has not passed 
through a differentiated cell stage (l3nnphocytes, fibroblasts, his- 
tiocytes). Already in this early stage Pap’s stain discloses the 
development of argyrophilic fibrils in close proximity to the pro- 
liferating mesenchymal cells, as well as along the swollen coUagen 
fibers (in the reticular form). 

Up to this point the lesion cannot safely be considered specific for 
rhemnatic fever. Inflammatory lesions of the myocardium occurring 
in other diseases have also been seen to present interstitial collagen 
swelling with local cellular proliferation. In the case of the Aschoff 
body, however, additional phenomena appear from this point on; 
which, taken as a whole, present a picture that we have never seen in 
any disease where rheumatic fever may safely be ruled out. We 
must, therefore, conclude that they are absolutely specific for this 
disease. 

With the introduction of the additional histological features (vide 
infra) which give the Aschoff body its strictly specific characteris- 
tics, development may take place along several different lines. The 
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histological structure of the lesion apparently depends on whether 
the Aschoff body originates from the dense or the loose collagen, on 
that phase of the life cycle of the lesion that is being studied, and also 
to some extent on the indhddual reaction occurring in the given case. 
A study of considerable material makes it clear that there is a con- 
sistency in the characteristics that these developing myocardial 
Aschoff bodies assume and, on the basis of the topographical rela- 
tions of tlie cell and tissue structure, as well as oh their tinctorial 
properties, the lesions may be placed into one of the following cate- 
gories. 


Classification of Myocardial Aschoff Bodies 

1. Small ceU coronal type 

2. Large cell coronal type 

3. Syncytial coronal type 

4. Reticular t)^e 

5. Mosaic type 

6. Polarized type 

7. Fibrillar type 

In the description of these types of Aschoff bodies mention will be 
made of their form. The question that naturally arises is whether 
this may not be influenced by the plane through which a given sec- 
tion is cut. It may be stated at once that our description is based on 
a reconstruction of the shape of the Aschoff body gathered from ob- 
servations of the lesions, as observed in a great many sections and, 
in some cases, on the study of serial sections. From these studies it 
appears that while the nodules are at times spherical they generally 
take an oval, disk-like or spindle form. During the later phases 
of the life cycle of the lesion the disk-like and spindle forms pre- 
dominate, finally elongating themselves into fusiform scars that lie 
in the interstices of the myocardial bimdles. 

Before entering into a detailed description of the various types of 
myocardial Aschoff bodies listed in our classification brief mention 
should be made of the histological characteristics of the Aschoff 
bodies situated in the adventitia of blood vessels and in the endo- 
cardium, subendocardium and pericardium. The topography of 
these lesions as a whole, as well as the relation of the cells to the 
collagen framework, is apparently determined by the density and 
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configuration of the tissue in which they lie (Graff/^ Dane and 
Albot ^). Thus, the endocardial and subendocardial Aschoff bodies 
are represented by compressed, somewhat elongated lesions which 
tend to assume the form that will be called in this report the mosaic 
variety. The cells are scattered throughout the swollen collagen 
framework. If the collagen bundles are dense and compact the cells 
are irregularly compressed, assume bizarre polymorphous shapes, 
and may be connected to one another by delicate cytoplasmic 
streamers. As these Aschoff bodies pass through their life cycle, the 
cells change their shape and structure in accordance with the de- 
scription that mil be given for the myocardial lesions. The structure 
of the lesion as a whole, however, still remains that of cells com- 
pressed by a dense connective tissue. 

In the case of pericardial Aschoff bodies the very loose milieu and 
the scarcity of collagenous bundles produce, during the early stages, 
a diffuse structure somewhat resembhng the reticular type (vide 
infra). The development of the silver-staining lattice is not inter- 
fered with and the lesions show the tinctorial changes present in the 
myocardial nodules, the difference again being largely determined by 
the topographical relations of the cells to the surrounding tissue. 
The perivascular Aschoff bodies, on the other hand, generally occur 
in one of three forms, again determined by the consistence of the 
adventitial fibro-elastic tissue. A frequent form is the compressed 
mosaic type such as was mentioned for the endocardial and sub- 
endocardial Aschoff bodies. Here the Aschoff body appears to wrap 
itself around the vessel in the form of intercryptic cells compressed 
by dense connective tissue. Another form is in a looser mosaic pat- 
tern in which the cells predominate over the collagen framework. 
They are often large and appear frequently in ^ant cell form with 
the cells in fairly close juxtaposition. Finally, the parallel arrange- 
ment of the collagen fibrils along the comrse of a vessel not infre- 
quently produces a picture that resembles the polarized and fibrillar 
t3q)es to be described. It should be mentioned again, however, that 
in spite of the configuration thus impressed on these Aschoff bodies 
by the state of the perivascular fibro-elastic tissue, the cells them- 
selves undergo an orderly progression of changes similar to those 
that occur in the myocardial Aschoff bodies proper. 

Finally, concerning the properties of all types of Aschoff bodies 
found in the heart, it may be said that, contrary to what has been 
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stated in the literature, these lesions rarely, if ever, show a fibrin 
constituent. Furthermore, the presence of the Aschoff body does 
not influence any elastic tissue present at the site of the lesion. 
Particularly during the stage of fragmentation portions of the swoll- 
en collagen may take the picric acid stain with the Van Gieson 
method. All stages of Aschoff bodies may show a mantle of poly- 
morphonuclear leukocytes (neutrophihc and eosinophihc), lympho- 
cytes, plasma cells and fibroblasts. These non-specific constituents 
of the lesion are generally found around the young fresh nodifles so 
frequently seen in the myocardium of children. On the other hand, 
a variety of lesions which present no specific characteristics may also 
be formd. These may vary from interstitial edema with relatively 
few wandering cells, to large collections of leukocytes, particularly 
eosinophiles (Watjen even to abscess-like formation. 

Mitotic figures occur with extreme rarity. On the other hand, 
dissolution of the Aschoff cells is not infrequently encountered. 
This is usually preceded by disappearance of nuclear chromatin, 
leaving nuclear ghosts in the form of more or less empty vesicles. 
Damage to the myocardium adjacent to the Aschoff bodies may be 
relatively mild. At times, however, considerable destruction takes 
place. The neighboring myocardial cells may appear hypertrophied, 
at times vacuolated, and may show complete dissolution and replace- 
ment by enormous scars. As a consequence, whereas the Aschoff 
body is essentially submiliary and visible only microscopically, the 
extensive scarring of the adjoining muscle, as well as fusion of neigh- 
boring Aschoff bodies, may produce lesions that are macroscopically 
visible (MacCallum^®). It may be added that eosinophilic masses 
may be seen within the cytoplasm on rare occasions. These were 
considered by Cobum to be engulfed collagen particles. Bacterial 
stains almost invariably show the lesions to be free of bacteria. 
The organisms that may rarely be seen can easily be accounted for 
as of postmortem occurrence. 

Methods 

The hearts were generally fixed in 10 per cent neutral formol-saline.* At 
times formol-Miiller was used as a fixative. Before fixation blocks of tissue were 
removed and placed in 96 per cent alcohol and in Zenker’s solution for special 

* Solution of formaldehyde U.S.P. 10 parts, i per cent sodium chloride solution 
90 parts. This solution is rendered neutral with a weak alkali. 
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staining purposes. For routine studies the standardized blod:s of Gross, An- 
topol and Sacks were cut after fixation and sections were stained with hema- 
toxylin and eosin, and with Weigert’s elastic and Van Gieson’s connective tissue 
stains. In order to study the development of argentophilic fibers Pap’s silver 
impregnation method was used. There were employed further, Masson’s tri- 
chrome stains, Goodpasture’s, and Brown and Brenner’s bacterial stains, Mal- 
lory’s phosphotungstic acid hematoxylin and Weigert’s fibrin method. We have 
abandoned the Unna-Pappenfaeim methyl green-pyronin method inasmuch as in 
our hands this procedure has not given results that were in any sense superior to 
or more edifying than those obtained with a properly performed hematoxylin- 
eosin stain. In carrying out the latter attention should be paid to differentiating 
the hematoxylin-stained tissue in weak allmh'ne v.'ater. By this means the baso- 
philic properties of the cytoplasm are brought out clearly, without losing the 
other important characteristics of the cells, namely the protoplasmic structure 
and the ragged edges. 


Small Cell Coronal Type 

This type of Aschoff body (Fig. i) is generally somewhat ovoid in 
shape. Occasionally, round as well as more elongated forms are also 
encountered. Early in its development one may note in many ex- 
amples of this type of Aschoff body a considerable accumulation of 
rather small cells (slightly larger than a lymphocyte) which form a 
generally compact mantle of varying thickness around a central 
mass of swollen eosinophilic collagen. Because of this peripheral 
situation of the cells with respect to the central collagen mass this 
type of Aschoff body will be referred to as the coronal type. 

The collagen is, as noted above, swollen and eosinophilic. In most 
instances the fibers are fused into large irregular masses. The swoll- 
en coUagen may be seen to be partially or completely broken up 
into fine or larger granules (collagen fragmentation). The cells are 
round or oval, the cytoplasm stains evenly, is generally basophilic 
and forms a delicrate and distinct, smoothly outlined mantle around 
the nucleus. At times the cell may possess more than one nucleus 
(two or three centrally placed). These giant cells, however, occur 
less frequently in the small cell coronal type of Aschoff body than in 
any of the other types to be described, except possibly the fibrillar 
type. 

The nuclei may ocemr in three forms commonly found in all varie- 
ties of Aschoff bodies. The lype of nucleus fotmd most frequently in 
the small cell coronal Aschoff body is roimd or oval with a delicate, 
sometimes folded nuclear membrane and a fine dust-like chromatin 
structure, which may at times show irregular concentrations or bar- 
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like arrangements with fine projections radiating from the bar. Be- 
cause of its resemblance to the fibrocyte (fibroblast) this nucleus 
will be referred to as the fibrocytoid nucleus (Figs, i, 4, 9, 10, 11). 
The next most frequently occurring variety is the owl-eyed nucleus 
(Figs. 4, 5, 6, 9, II, 12). This has been termed “target’’ nucleus by 
"V^Tiitman and Eastlake.^® It is generally somewhat irregularly circu- 
lar, possesses a heavy nuclear membrane with a distinctly dark and, 
at times, somewhat stellate nucleolus. The space between the 
nucleolus and the nuclear membrane tends to be poor in chromatin 
material. This is well brought out by the Masson stains. In a con- 
siderably smaller percentage of the cells the nucleus is somewhat 
polymorphous in shape and generally quite large. It stains solidly 
and is therefore properly designated pyknotic nucleus (Figs, ii, 12, 

15, 19)- 

The cells in this t3q)e of Aschoff body may be so numerous, and the 
collagen at times so scanty, that the impression given is that of a 
rather compact cellular subvariety. This type of Aschoff body not 
infrequently shows a fairly conspicuous mantle of leukocytes among 
the other layers of the small cells, spreading diffusely into the ad- 
jacent myocardium. 

Large Cell Coronal Type 

This t3q)e of Aschoff body (Figs. 4 and 5) is somewhat similar 
morphologically to the small ceU variety. As its name indicates, the 
central swollen and at times fragmented mass of eosinophilic collagen 
is surroimded by a mantle of cells which possess much more abundant 
basophilic cytoplasm. The cytoplasm may be finely granular and 
not infrequently presents ragged edges, that is to say, the cellular 
outline tends to be indistinct, drawn out into pseudopods and broken 
up into granules. In this type the incidence of giant cells is larger 
than in the small ceU coronal variety. As in most types of Aschoff 
bodies the giant cells are characterized by a central position of the 
nuclei. In the large cell coronal Aschoff body the giant cells are 
larger and may possess seven or more nuclei; the latter are round or 
oval and are irregularly arranged at the center of the cell. Silver 
stain reveals a definite reticulum in the proximity of these cells. 
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Syncytial Coronai. Tyre 

This type of Aschoff body (Fig. 6) occurs relatively infrequently 
and has been found thus far generally in acute cases. The conspicu- 
ous feature of this lesion is the development of an enormous syncytial 
mass, or masses, which apparently overshadow the scant central 
collagen material. The cytoplasm is extraordinarily abundant, baso- 
philic, with indistinct and ragged outlines. Isolated fragments of 
cytoplasm are found. The nuclei are predominantly owl-eyed and 
appear to take a peripheral position within the cytoplasmic masses. 
Fibrotytoid nuclei also occur. Pyknotic nuclei are relatively in- 
frequent. 


Reticular Type 

It has been mentioned already that the reticular type of Aschoff 
body arises in loose connective tissue. The framework consists of 
an interlacing mesh of swollen, eosinophilic collagen fibers showing 
fusion at points of contact (Fig. 2). In its more characteristic form 
the meshwork shows an orientation directed more or less along the 
planes of the adjoining myocardial bundles. However, variations 
occur in which the swollen fibers present no approach to an orderly 
arrangement, running in all directions and forming irregular clumps 
and tangles. Figure 7 represents an early stage in the formation 
of this type of lesion. In another variant the points of fusion may 
become quite extensive and give the impression of large eosinophilic 
collagenous masses (Fig. 8) . However, one can always observe these 
masses passing imperceptibly into isolated, more delicate strands. 

Silver impregnation of the reticular framework discloses argento- 
phihc fibers overlying the net of swollen collagen. We have not been 
able to convince ourselves that these argentophilic fibrils lie actually 
within the swollen substance (ground substance?). Van Gieson’s 
stain regularly discloses an admixture of yello'wish and reddish fibers 
which are in places continuous with one another. Again, it is ex- 
tremely difi&cult to determine whether the picric acid-staming ma- 
terial represents a substance (groimd substance) essentially different 
from the fuchsinophilic (fibrillar) material. 

This swollen reticuliim frequently takes on the tinctorial proper- 
ties of fibrin. In their configuration, however, the fibers can easily 
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be distinguished from fibrin. Furthermore, it can readily be deter- 
mined that these “fibrinoid” fibers are continuous with collagen 
fibers in the vicinity, where they show the characteristic staining for 
collagen. 

Contrary to the views expressed by Klinge, the collagen frame- 
work is at times seen to be extensively broken down and granular. 
In places this granular material, resulting from considerable fusion 
of the collagenic fibers, may present appearances that merge imper- 
ceptibly with variants of the mosaic Aschoff body types to be 
described. 


Mosaic Type 

This type of Aschoff body (Fig. 9) is the one most frequently en- 
countered in the myocardium of the rheumatic heart. In contrast to 
the coronal types it consists of a more or less imiform distribution of 
collagen fibers and cells forming a mosaic pattern of the two com- 
ponents, Because of the variations in the proportions of coUagen and 
cells, the' size of the cells, the condition of the collagen and the man- 
ner in which the cells are lodged between the coUagen masses, the 
mosaic forms may present a protean appearance. In one form the 
cells seem to be squeezed into the spaces or crypts between the col- 
lagen masses with the cytoplasm extending as streamers, which are 
sometimes extremely delicate, between the more dense and some- 
what solid appearing, swollen eosinophilic coUagen ground substance 
(Figs. 9 and 15). When these streamers form distinct cytoplasmic 
bridges between a number of the adjacent ceUs they tend to form 
large syncytial masses. In this mosaic t)q)e the cytoplasm is almost 
invariably deeply basophilic, the ragged edges are prominent, as is 
fragmentation of the cytoplasm and coUagen. The argentophiUc 
reticulum fibers are also quite prominent. There is a fairly even pro- 
portion between the owl-eyed and fibrocytoid nuclei. Pyknosis is not 
infrequently seen in this type. 

In another variant of the mosaic Aschoff body (Fig. 10) the cells 
do not show the tendency to be compressed by swoUen coUagen 
masses, as in the variant previously mentioned. The cytoplasm is 
deeply basophiUc and presents markedly irregular ragged edges. 
Both cytoplasm and coUagen show considerable fragmentation. In- 
deed, the coUagen may show such conspicuous granular degeneration 
as to be indistinguishable from the fused reticular type with granular 
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collagen previously described. A prominent silver-staining lattice is 
invariably present. It is this variant of the mosaic Aschoff body that 
has been loosely designated by a number of authors as the “ typical’’ 
Aschoff body. Giant cells are not infrequently found. Owl-eyed 
nuclei occur with approximately the same frequency as that seen in 
the syncytial coronal type. 

Polarized Type 

This type of Aschoff body apparently represents a further stage in 
the metamorphosis of the Aschoff cells into fibroblasts. The topog- 
raphy of the lesion as a whole is that of a spindle-shaped or tapering 
disk-like mass representing many cells compressed between the myo- 
cardial bundles. The cells themselves vary from somewhat irregular 
elongated forms to spindle shapes, the difference probably depend- 
ing on the maturity of the lesions. The irregular forms (Fig. 11) 
present ragged edges and are basophilic. The spindle-shaped cells 
(Fig. 12) also present a basophilic cytoplasm. The edges, however, 
are generally smoother and more sharply defined. The owl-eyed 
nuclei are still the predominating types but seem to occur somewhat 
less frequently than in the syncytial coronal or mosaic types. Pyk- 
notic nuclei are seen with perhaps less frequency than in the types 
thus far described. 

The collagen framework is generally delicate. While eosinophilic 
swollen fragments may be found the fibers show, as a rule, less swell- 
ing than in the other types. On the other hand, swelling and frag- 
mentation may be occasionally quite conspicuous. The rather 
prominent argentophilic reticulum fibers show compression to con- 
form with the spindle shape of the nodule as a whole (Fig. 13). 

Another variety of the polarized type, which is not infrequently 
met with, may be called the “giant cell polarized type.” In this 
form the Aschoff body shows a polarization into a rather short disk. 
The edges of the nodule do not generally taper off into a defimte 
spindle shape. On section the appearance is that of rather large 
flattened giant cells, somewhat deserving the name of syncytial 
masses, because of cytoplasmic bridges between them with a rather 
scant collagenous framework. The cytoplasm is basophilic and the 
owl-eyed nuclei predominate. 



STUDIES ON THE MYOCAEDIAL ASCHOFE BODY. I 483 


\ 

Fibrillar Type 

The last stage in the evolution of the Aschoff body before it be- 
comes transformed into an interfascicular scar may properly be re- 
ferred to as the fibrillar t5^e (Fig. 14). The cells have definitely 
elongated themselves and approach the characteristics of fibroblasts. 
The extremely scant and generally stiff basophilic cytoplasm is 
arranged as blunt ends situated at either side of the elongated nu- 
cleus. The nuclei are now preponderating^ of the fibrocytoid 
variety, although owl-eyed forms may occur in fair numbers. The 
incidence of giant cells has become very small, whereas pyknotic 
nuclei are seen as frequently as in the mosaic types. The collagen has 
almost completely lost its eosinophilic swollen appearance and is 
represented by varying amounts of parallel, more or less isolated 
delicate fibrils with a rare swollen fragment. The argentophilic 
reticulum has now flattened itself out and from this stage on becomes 
less and less prominent. 

Because of the fibrillar appearance of this Aschoff body type, it 
may be confused with the reticular Aschoff body. However, it is to 
be noted that the latter presents a swollen interlacing feltwork of 
eosinophilic collagen and that the cells are either round with deeply 
staining nuclei and scant cytoplasm or may appear considerably 
larger, ovoid, with a generous admixture of the three types of nuclei 
described. Giant cells may also occur. On the other hand, in the 
further evolution of the fibrillar Aschoff body, difl&culties may be 
encoimtered in differentiating it from a somewhat cellular scar. 
However, the occasional presence of a giant cell and, here and there, 
of a ragged edge to the cytoplasm or blunt tip to the cell, and the 
presence of fibrocytoid, owl-eyed and pyknotic nuclei should render 
this lesion sufficiently characteristic to identify it as an Aschoff 
body. 


Discussion 

The purpose of this descriptive classification is two-fold: first, to 
prepare the ground for further reports in which an effort will be made 
to ascertain the life cycle of the Aschoff body and to introduce as far 
as possible a time component into such studies; second, to reduce the 
controversies on the morphology of the Aschoff body to definite com- 
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mon denominators by showing that while these lesions occur in a 
variety of definitely recognizable forms they nevertheless retain each 
in themselves a sufl&cient number of characteristic features to justify 
their consideration as specific of rheumatic fever. The descriptive 
material in this report, which is largely devoted to separating the 
Aschoff body into definite categories, at the same time suggests a 
terminology that should be found useful for future studies. More- 
over, this classification possesses sufficient elasticity to permit the 
addition of suitable descriptive terms (viz., syncytial mosaic Aschoff 
body, giant cell polarized Aschoff body, and so on). Inasmuch as the 
lesions falling into these categories represent stages in an evolution- 
ary process, it is to be expected that transitional forms will be en- 
countered, In such cases a hybrid term may be employed. For ex- 
ample, Figure 15 illustrates a lesion that seems to be a transition 
from a coronal into a mosaic t3rpe. It may, therefore, be called a 
“coronal mosaic” Aschoff body. Figure 16 illustrates a transition 
between the polarized and fibrillar form and may be properly desig- 
nated a “polarized fibrillar” Aschoff body. 

While the earliest rheumatic lesions, where swelling of the collagen 
and leukocytic reaction are the only components, can by no means 
be considered specific of rheumatic fever, the types described in this 
classification, which represent further stages in the evolution of the 
lesion, seem to be absolutely specific, differing entirely from the 
lesions found, for example, in uncomplicated scarlet fever and sub- 
acute bacterial endocarditis, or in other inflammatory lesions of the 
heart. Simultaneously with the studies described here, an investiga- 
tion was made of the argentophUic reticulum fibers, the cytoplasm, 
collagen, nuclear characteristics and the giant cells found in other 
lesions, such as in syphilis, tuberculosis, Hodgkin’s disease, foreign 
body granulomas and Bracht-Wachter lesions, but there never was 
encountered unusual difficulty in discerning the Aschoff body from 
the lesions foimd in the above mentioned conditions. 

The most frequently occurring and consistent common denomina- 
tor in the structure of the Aschoff body is the basophilic cytoplasm 
with ragged edges. However, no single component can be designated 
as by itself forming a sufficiently characteristic feature to identify the 
Aschoff body. On the other hand, the pol3Tnorphous basophilic cells 
with their ragged edges, the swollen and fragmented collagen, the 
giant cells of the variety described in this report, the varying proper- 



STUDIES ON THE MYOCAEDIAL ASCHOFF BODY. I 485 


tions of somewhat large, owl-eyed, fibrocytoid and pyknotic nuclei, 
and the argentophilic network, form a sufficiently characteristic 
group of features to distinguish this lesion from those found in other 
diseases. 


Summary 

The clinical histories and anatomical material from 70 cases of im- 
complicated rheumatic fever with Aschoff bodies in the myocardium 
were investigated. A classification of Aschoff bodies is suggested, 
based on the appearance and distribution of the collagen, argento- 
pMIic fibers, cell cytoplasm and nuclei. This classification includes 
seven types of Aschoff bodies which apparently bear some relation to 
the life cycles of the lesions. Each type is described and is considered 
to possess sufficient characteristic features to identify it as an Aschoff 
body specific of rhemnatic fever. 
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DESCRIPTION OF PLATE 


Plate 117 

Fig. I. Small cell coronal Aschoff body. A, central sv.'oUen mass of collagen; 
B, cell with ov/l-eyed nucleus and increased cytoplasm; C, fibrocytoid 
nucleus. The majority of the cells present scanty cytoplasm. 

Fig. 2, Reticular Aschoff body. A, swollen collagen fibers fonm'ng interlacing 
network; B, ccU with increased cytoplasm. Note that the collagen frame- 
work assumes a direction roughly along the lines of the myocardial bundles. 
The majority of the cells present scanty cytoplasm. 
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Plw\TE Il8 

Fig. 3. Stage preceding the formation of small cell coronal Aschoff body. A, 
swollen eosinophilic, somewhat fragmented collagen surrounded by small 
round cells. 

Fig. 4. Large cell coronal Aschoff body. central swollen mass of collagen 
with some fragmentation; B. cell with fibrocytoid nucleus and indistinct 
cytoplasmic outline; C, cell with owl-eyed nucleus. 
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Plate 119 

Fig. 5. Large cell coronal .Aschoff body. .A, central swollen mass of collagen 
with some fragmentation; B, giant cell with ragged edges and owl-eyed 
nuclei. Note the marked basophilia of the cytoplasm (dark staining). 

Fig. 6. Syncytial coronal .Aschoff body. .A. portion of syncytial cytoplasmic 
mass showing e.Ktremely indistinct cellular outline; B, cw’toplasmic mass 
with peripheral location of owl-cycd nuclei; C, masses of swollen collagen. 
Note small round cells in periphery of .Aschoff body. 
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PLATK 120 

Fig. 7. Early stages in the development of the reticular Aschoff body in the 
form of irregular clumps and tangles. 7 'he lesion cannot be considered 
specific until cellular evolution has reached the formation of ov.l-eycd, 
fibrocytoid and pyknotic nuclei with development of ca'toplasmic baso- 
philia. 

Fig. 8. Reticular .Aschoff body showing (.A) considerable fusion of adlagen 
fibers. 
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Plate 121 


Fig. 9. Mosaic Aschoft body of the more compact variety. Note the slight 
polarization of the cells. A, giant cell vith irregularly outlined cytoplasm 
and two owl-eyed nuclei; B, cell with pyknotic nucleus and basophilic 
cytoplasmic streamer; C, swollen collagen; D, cell with extremely irregular 
ragged edges. 

Fig. 10. Mosaic AscholT body of looser structure. Note fragmented appear- 
ance of collagen. A, fibrocytoid nucleus with radiating bar arrangement of 
chromatin; B, giant cell with owl-eyed nuclei; C, p}'knotic nucleus. 
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Plate 122 

Fig. II. Large irregular cell polarized AschofT body. A, pyknotic nucleus: B, 
giant cell with owl-eyed nuclei; C, fragment of swollen collagen. 

Fig. 12. Polarized AschofT body showing swollen and fragmented collagen and 
evolution of cells into spindle types. 
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Plj\te 123 

Fig, 13. /Vrgentophilic reticulum network in polarized Aschoff body. 

Fig. 14. Fibrillar .Aschoff body. Note the location of this lesion betv.-een the 
muscle bundles. Some of the cells still retain their basophilic cytoplasmic 
streamers. The nuclei still occur in the owl-e3'ed, fibroc\'toid and p^'knotic 
forms. 
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Plati: 124 

Fig. 15. Coronal mosaic Aschoff body. A. central swollen collagen; B, cyto- 
plasmic streamer from a cell penetrating the collagenous mass; C, large 
cell with pyknotic nucleus. 

Fig. 16. Polarized fibrillar Aschoff body. Note marked elongation of cells with 
development of delicate collagen fibers. 
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STUDIES ON THE iviYOCARDIAL ASCHOFF BODY* 

n. LIFE CYCLE, SITES OF PREDILECTION AND RELATION TO 
CLINICAL COURSE OF RHEUMATIC FEVER 

Lours Gross, M.D., and Joseph C. Ehrlich, IM.D. 

{From the Laboralorics of the Mount Sinai Hospital, New York, N. F.) 

This report represents an attempt to throw further light on the 
nature of the myocardial Aschoff body, its life cycle, sites of predilec- 
tion, frequency of occurrence, and its possible relation to the clinical 
course of rheumatic fever. In a previous publication ^ we have shown 
that the Aschoff body occurring in the heart should be considered 
apart from the corresponding rheumatic lesions found in other tis- 
sues, such as skin, diaphragm, tendinous insertions, and so on, inas- 
much as the myocardial lesions present specific characteristics that 
are either lacking in the other sites or have been insufliciently studied 
as yet. Furthermore, within the heart proper the Aschoff bodies ap- 
pear to present characteristics that are definitely influenced by their 
site. Thus, the subendocardial, left auricular endocardial and peri- 
vascular lesions occur in a compressed form which modifies markedly 
the topography of the evolutionary stages. Within the looser milieu 
of the interstitial connective tissue between the myocardial bundles 
the Aschoff body passes through the various stages of its life cycle 
relatively unhampered by dense fibro-elastic tissue and, accordingly, 
presents its more characteristic and fully developed metamorphoses. 
For these reasons the studies presented here will concern the Aschoff 
bodies situated between the myocardial bundles — lesions that we 
have referred to as myocardial Aschoff bodies. 

Despite reports, particularly in recent years, in which some doubt 
is expressed concerning the specificity of this lesion in its relation to 
rheumatic fever, a review of the literature dealing with the develop- 
ment of our knowledge concerning the Aschoff body reveals sufficient 
evidence to warrant the definite assumption that this lesion does not 
occur in the myocardium if rheiunatic fever, past or present, can 
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safely be ruled out of consideration. We shall assume, therefore, for 
purposes of this study, that it is absolutely specific of this disease. 

It is pertinent to this report to mention that one of the reasons for 
doubting the specificity of this lesion has been the fact that the 
Aschoff body assumes allegedly protean forms and that one cannot, 
therefore, speak of a “typical Aschoff body.” In a paper presented 
before the American Association of Bacteriologists and Patholo- 
gists 2 we have shown that the supposed protean appearance of the 
Aschoff body is due to the fact that the published descriptions have 
not infrequently referred to different stages in the life cycle of the 
lesion and that, on the contrary, there is a remarkable constancy in 
the appearance that these inflammatory nodules assume. We have 
been able to show ^ that each stage in the development of the lesions 
apparently presents such a uniformity in characteristics that the 
Aschoff bodies in their specific forms (the earliest stages — collagen 
swelling and mesenchymal cell proliferation — cannot be considered 
a specific picture) may be classified into seven relatively clear-cut 
and easily recognizable types. Occasionally hybrid forms may be 
encountered, which undoubtedly represent transitions from one 
type to another. In order that the argument throughout this report 
may be followed more easily we shall first present a short description 
of the seven types of Aschoff bodies found in the myocardium. A 
discussion on the classification of these lesions, together with a fuller 
demonstration of their histological characteristics, will be found else- 
where.^ 


Abstract of Classification of Aschoff Bodies 

1. Small Cell Coronal Type: This consists of a central swoUen 
mass of eosinophilic collagen surrounded by round or oval cells some- 
what larger than lymphocytes with a delicate mantle of basophilic 
cytoplasm which presents a sharply defined edge. The nuclei are of 
the three types that have been described by us as common to all 
types of Aschoff bodies in which, however, they occur in different 
proportions: (i) fibrocytoid, (2) owl-eyed, and (3) pyknotic. Giant 
cells are occasionally seen. This tjqje of Aschoff body shows the 
beginnings of a network of argentophilic reticulum fibers. 

2. Large Cell Coronal Type: This differs from the small cell type 
in the following respects: the cytoplasm is more abundant, the edges 
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may be diffuse and ragged, giant cells are seen somewhat more fre- 
quently and the network of argentophilic fibers is more prominent. 

5. Syncytial Coronal Type: In this type the giant cells assume the 
form of large syncytial basophilic masses with ragged edges. These 
masses arrange themselves around generally small, centrally located 
fragments of swollen collagen. Owl-eyed nuclei are quite prominent 
and tend to assume a peripheral situation within the cytoplasmic 
masses. 

4. Reticular Type: This consists of a feltwork of interlacing, 
swollen collagen fibers which frequently fuse at their points of inter- 
section. Within the meshes of this network there are to be found 
small cells, round or ovoid, with scant basophilic cytoplasm. Oc- 
casionally larger cells with a scattering of owl-eyed, fibrocytoid and 
pyknotic nuclei may be found. Giant cells may be present. Varia- 
tions occur in this t5q)e in which the collagenous meshwork may be 
extremely irregular, or where fusion may go on to the extent that 
larger collagenous masses are produced. 

5. Mosaic Type: This type is characterized by a fairly regular 
intermingling of cells and collagen. The cells are abundantly cyto- 
plasmic, deeply basophilic, somewhat fragmented and possess ragged 
edges. The collagen is swollen, eosinophilic and often fragmented. 
The cells may be squeezed between the crypts of the collagen masses 
and connected by delicate cytoplasmic streamers, or the mosaic may 
be of looser structure, in which case the cells tend to be extremely 
irregular in shape. The argentophilic fibers occur in the form of a 
net. 

d. Polarized Type: In this type the cells begin to assume a spindle 
shape. They may still be somewhat irregular and elongated or they 
may present a somewhat smoother contour and still retain the baso- 
philia of the cytoplasm. The entire collection of cells takes on a defi- 
nite direction within the planes of the myocardial bundles. The 
argentophilic network is somewhat compressed. 

7. Fibrillar Type: This is a stage that precedes complete meta- 
morphosis of the cells into fibroblasts. As a consequence the cyto- 
plasm is extremely scant, occurring at times as somewhat blunt 
basophilic knobs at either end of the much attenuated cell. The 
nuclei are largely fibrocytoid. Giant cells are infrequent. The 
collagen occurs predominantly in the fibrillar form. The argento- 
philic fibers are rapidly disappearing. 
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As to the origin of the cells, we have already stated that it is safest 
to assume that they arise from mesenchymal elements, understand- 
ing by this term an ultimate derivation from the mesenchyme which 
may or may not have passed through a differentiation into mature 
cell types such as lymphocytes, histiocytes or fibroblasts. It is also 
accepted by many observers that injury to the collagen framework 
of the heart plays the most conspicuous role in the determination of 
these lesions. As a consequence Aschoff bodies occur at those sites 
where the collagen is found in the greatest amount, in the planes 
between the myocardial bundles, in the fibro-elastic tissue around 
blood vessels and in the endocardium. It is the primary lesion to this 
collagen, with the subsequent development of cellular reaction of a 
specific type, that gives rise to the Aschoff body. 

The first question with which we shall deal is whether a given heart 
presents a relatively uniform development of Aschoff bodies in re- 
spect to their type. Obviously, if this is not the case, any attempt to 
introduce a time component in the development of the life cycle of 
this lesion becomes fraught wth such difficulty as to make it an ap- 
parently hopeless task. Furthermore, such a state of affairs would 
lend support to the argument that the Aschoff body may arise in a 
variety of forms. It may be said at once, therefore, that in an ex- 
amination of 70 hearts possessing Aschoff bodies we have found 
that a given section usually presents one type of Aschoff body, oc- 
casionally two and rarely three. Furthermore, one frequently en- 
counters in the heart a remarkable uniformity in Aschoff body types, 
particularly if the specimen is obtained from a patient dying in a 
first attack, or where the attack has taken place a long time (2 years 
or more) subsequent to a previous attack. This consistency in the 
structure and, therefore, in the age of the Aschoff body permits of 
the reasonable assumption that a given crop of lesions may be timed 
from the onset of a given attack; and since they reach the same evo- 
lutionary stages in development, as judged by their appearance at 
the time of death, it would seem that these lesions pass through an 
orderly and probably similar series of progressive changes. 

Lire Cycle oe the Aschofe Body 

Several of the published reports make mention of the ultimate fate 
of the cells concerned in the formation of the Aschoff body. Thus, 
Aschoff,^ in 1904, believed that the cells eventually transform them- 
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selves into fibroblasts. Geipel ^ in 1905 observed the development of 
the lesion in the 5th to 6th week after the onset of the illness, the 
formation of giant cells and the swelling and later fibrillar change of 
the ground substance. Takayasu ® in 1909 described what appears 
to have been a mosaic Aschoff body occurring 3 months after the 
onset of the illness. An excellent contribution along these lines was 
made by Talalajew*^ in 1929, who divided the evolution of the 
Aschoff body into three phases: (i) exudative, found at the end of 
the 2nd or during the 3rd week of the illness; (2) proliferative, oc- 
curring in the 2nd or during the 3rd month and lasting, at times, 
6 months; and (3) sclerotic, appearing during the 2nd month and 
lasting, at times, 6 months. In 1930 we" presented evidence of many 
evolutionary phases in the development of the Aschoff body through 
coronal, mosaic, polarized and fibrillar stages. While a sequence of 
events was suggested, no intimation was made of the actual time 
component of each phase. Additional information concerning the 
time it takes to reach the several evolutionary stages of the Aschoff 
body was formulated by Klinge ' and his associates in a series of 
papers (1929 to 1933)* According to this work, at the end of the 2nd 
week of the illness this lesion is represented by swelling of the colla- 
gen fibers and increase of connective tissue and wandering cells, with 
the presence of occasional giant cells. After the 4th week many 
swollen and multinucleated cells are found arranged either in rosette 
form around swollen collagen or dispersed throughout it. From this 
period on involutionary changes take place through the disappear- 
ance of the giant cells and “fibrin” and the development of connec- 
tive tissue cells. 

Before proceeding with our own observations on the life cycle of 
the Aschoff body it may not be amiss to mention the criteria em- 
ployed by us to determine the sequence of events and the time 
factors in the cycle. As mentioned before, 70 hearts, each present- 
ing Aschoff bodies in the myocardium, were studied. These were 
described grossly, particular care being taken to note the extent of 
valvular damage. The specimens were generally fixed in formol- 
saline,* and blocks were cut and stained by a number of methods 
designed to demonstrate changes in the collagen, tinctorial proper- 
ties of the cytoplasm, details in nuclear structure and presence of 


* For a more detailed description of the methods employed see Gross and Ehrlich.^ 
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bacteria, fibrin, argyrophilic reticulum and elastic tissue. The case 
records from all this material were studied in order to determine the 
clinical course and particularly to set the time of onset of the last 
attack. 

Apart from the clinical records we attempted to fix the onset of the 
attack by the extent of the valvular damage, as determined by its 
macroscopic and microscopic appearance and by the histology of the 
left auricular lesion, when present. The most reliable guide, how'- 
ever, appeared to be the state of the collagen. In common with a 
number of observers we were impressed with the fact that the colla- 
gen was the first to show damage in the form of sw’clling and the 
assumption of eosinophilic properties. The earliest appearance of 
swelling was, therefore, taken as confirmatory evidence that we w’ere 
dealing with the beginning of the cycle. In this stage (early phases) 
the reticular and small cell coronal Aschoff body type predominated. 
On the other hand, it seemed equally reasonable to assume that the 
late phases of the cycle w^ere associated with the appearance of 
fibroblasts (metamorphosis of the Aschoff cells) and the transforma- 
tion of the swollen collagen into the delicate fibrillar form. These 
stages were associated with the polarized and fibrillar forms of As- 
choff bodies. Moreover, the clinical records confirmed the fact that 
these w'^ere late stages in the evolution of the attack. There re- 
mained, therefore, the large cell coronal, syncytial coronal and 
mosaic forms which, both by the nature of the collagen and on struc- 
tural considerations, appeared to fall naturally in between these 
extremes in the age of their development (middle phases). At best, 
of course, these can be considered no more than an approximation to 
what actually happens in the human heart. 

The material least subject to criticism on which it is permissible 
to attempt the reconstruction of the stages through which the 
Aschoff body passes is represented by cases where the individual 
died in his first attack, and where the time of onset of the disease is 
definitely known'. For this purpose we had available 9 cases, aU 
children who died from 2 to 13 weeks after the onset of the rheumatic 
fever symptoms, e.g., joint pains and temperature. It is to be noted 
that in a discussion of the time component of these lesions we shall 
date their age from the onset of the rheumatic phenomena — dis- 
regarding what may be considered a prodromal period, namely, the 
possible preceding attack of sore throat, scarlet fever, and so on. It 
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is generally believed that this prodromal period may vary from sev- 
eral days to 4 to 5 weeks. A study of these “first attack” cases indi- 
cates that the earliest lesions are of the reticular type, and that 
fibrillar forms are not found by the end of the 13th week, at least in 
the limited number of cases available for study. On the other hand, 
a careful selection of material from cases where the individual suf- 
fered from more than one attack presents clear-cut evidence that in 
these clinical groups the initial lesions may be represented by reticu- 
lar, as well as small cell coronal forms. Furthermore, an oppor- 
tunity is thus made available to study the development and time 
factors of the fibrillar form. 

As indicated in a previous publication, it seems fairly certain that 
the earliest stages consist of swelling, eosinophilic metamorphosis 
and a certain amount of fusion of the collagen fibers with, pari passu, 
proliferation of the mesenchymal elements. These non-specific early 
stages may occur in two forms which eventually develop into the 
coronal and reticular Aschoff body types. 

Before entering into a description of the sequence of events that 
represent the life cycle of the Aschoff body it is of value to classify 
our material into four clinical groups representing the course taken 
by the rheumatic fever process in our 70 cases which came to autopsy 
and presented Aschoff bodies in the myocardium. This classification 
was undertaken because it appeared that the clinical course of the 
disease modifies to a certain extent the evolutionary process of the 
Aschoff body in a given case. 

Clinical Classification of Rheumatic Fever Material 

Group i. Cases where the individual died in a first attack. 

Group 2. Cases where one attack occurred prior to the final 
fatal recurrence. 

Group 3. Repeated attacks with death during an acute re- 
currence. 

Group 4. Cases where death was caused by decompensation 
without clinical evidence of a final recurrence. 
Some of these cases had no previous history of 
rheumatic fever. 

Early Phases: In the “first attack” cases (Group i), as well as in 
the other groups where the collagen in the interstices of the myo- 
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cardium exists in a somewhat loose fibrillar form, the reticular 
Aschoff body apparently represents the earliest specific lesion. In 
addition, however, in Groups 2, 3 and 4 the early lesion is also rep- 
resented with about the same frequency by the small cell coronal 
Aschoff body t3q)e, both types existing side by side in the same 
blocks taken from the myocardium. The fact that the Group i 
cases show reticular forms exclusively (or, perhaps, predominantly) 
suggests that the form taken by the initial lesion is apparently in- 
fluenced not only by the fact that the small cell coronal form begins 
around more compact collagen, but possibly also by the altered re- 
activity of the individual, due to the fact that he has already suffered 
an initial attack. These early stages (early phases) are found in 
from 2 to 4 w'eeks after the onset of the disease. Since we did not 
have any cases ■where the individual died sooner than 2 weeks after 
the onset of the disease we have been unable to determine precisely 
how soon the earliest specific lesion may be found before this time. 

Middle Phases: Depending upon w'hether the earliest lesion is the 
reticular or small cell coronal Aschoff body type, the nodule may de- 
velop in one of tw^o main directions during its middle phase. The 
retievdar form rapidly shows increase in the size of the cells, during 
which time the collagen may either become more delicate, or fuse 
and undergo granular degeneration. If the collagen becomes rela- 
tively inconspicuous and delicate the cells elongate themselves and 
there develops the picture of the large irregular ceU polarized type. 
If the collagen imdergoes fusion and granular degeneration the re- 
sultant picture may be one indistinguishable from the mosaic type 
with necrotic collagen. This process apparently takes place between 
the 4th and 13th week after the onset of the illness. 

The small ceU coronal Aschoff body transforms itself into the large 
cell variety by swelling of the cell cytoplasm. These swollen cells 
soon appear to penetrate into the collagenous central mass and 
eventually permeate it in such a manner as to form the mosaic 
Aschoff body. If the intercellular collagen imdergoes granular de- 
generation a picture is produced that simulates the corresponding 
form already described as derived from the reticular Aschoff body. 
The stage during which the cells begin to permeate the central 
collagenous mass can be referred to as the coronal mosaic Aschoff 
body. In some cases the cells of the large cell coronal Aschoff body 
undergo amitotic di'vision, fusion and enormous enlargement, form- 
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ing huge syncytial masses which surround the relatively insignificant 
collagenous central portion (syncytial coronal Aschoff body). This 
lesion was found most frequently in the “first attack” group and 
generally appeared during the pth week after the onset of the 
attack. Eventually, the syncytial masses disintegrate and produce 
a picture indistinguishable from the mosaic forms. As in the develop- 
ment that takes place from the reticular Aschoff body, these middle 
phases in the evolution from the small cell coronal lesion also occur 
between the 4th and 13 th week after the onset of the disease. 

Late Phases: The large irregular ceU polarized Aschoff body, as 
well as the mosaic Aschoff body, whether derived from the reticular 
or small cell coronal lesion, now begins to show elongation of the cells 
to spindle forms. The cytoplasm stiff retains its basophilia but the 
outlines become sharp. The collagen becomes scanty and there is 
thus developed the polarized Aschoff body. Apparently, these 
lesions generally appear from the 9th to the i6th week after the on- 
set of the disease. It is seen, therefore, that no matter which of the 
two initial lesions subsequently develops through the evolutionary- 
stages of the Aschoff body, the lines of development apparently ulti- 
mately converge into the polarized forms. 

From this point on, the spindle cells apparently transform them- 
selves into fibroblasts. Delicate collagenous fibrils, which may ulti- 
mately fuse into dense collagenous bimdles, appear between the cells. 
For some considerable time, however, the cells stiff retain rather 
blimt basophilic knobs of- cytoplasm at either end of the elongated 
nucleus. Furthermore, whereas giant cells become extremely scarce 
and the nuclei become largely fibrocytoid, there are stiff to be seen a 
sufficient admixture of owl-eyed and pyknotic nuclei which, to- 
gether with the peculiarity of the cells, distinguish this lesion as 
specific of rheumatic fever. We have designated these lesions as 
fibrillar Aschoff bodies. They apparently occur some time after the 
13th week following the onset of the iffness. The final stage in the 
evolution of this specific inflammatory lesion is the complete meta- 
morphosis of the fibrillar Aschoff body into scar tissue which lies 
rather characteristically between the muscle bundles. 

Figure i illustrates diagrammaticaffy the lines of development of 
the Aschoff body, starting from the reticular and small cell coronal 
lesions and ending in the fibrillar type. An indication is given of the 
time component, although it must be realized that the attempt which 
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we have made at timing the development of these lesions represents 
an average arrived at from a study of relatively few spedmens. 
There can be no doubt that considerable variations occur in the 
tempo, but this can be determined only from a much larger series of 
cases. 

Relation of Aschoff Body Type to Clinical Course of 

Rhetbiatic Fever 

In examining the types of AschofI bodies found in the four clinical 
subdivisions of rheumatic fever outlined above several observations 
seemed to be worthy of note. Thus, the small cell coronal lesion was 
not found in the first group. This may have been due to the limited 
material available. On the other hand, as stated before, it may rep- 
resent a difference in the reactivity of these “first attack” cases 
from the other clinical types. The large cell coronal, syncytial 
coronal and mosaic types were found more frequently in this group 
than in the other three. Fibrillar forms were not found. This may 
be due to the fact that death occurred within 13 wrecks after the on- 
set of the illness in the cases that comprised this group. In the 
second clinical group the incidence of small cell coronal and fibrillar 
types, as the initial lesions, was about equal. Mosaic forms occurred 
frequently, perhaps, however, slightly less often than in the first 
group. Fibrillar forms occurred with moderate frequency and large 
cell coronal types were relatively infrequent. The third group 
showed a further decrease in the incidence of mosaic forms, the 
lowest incidence of fibrillar forms found in any group with the ex- 
ception of Group I, and the highest incidence of polarized forms 
found in any group. Inasmuch as these tw'o types of lesions are to a 
certain extent reciprocals of one another this observation does not 
indicate a fundamental difference in this group. No reticular forms 
were foimd in the fourth group, which otherwise show'ed approxi- 
mately the same incidence of lesions as found in the second group. 
The conspicuous points in these observations appear to be the ab- 
sence of small cell and fibrillar Aschoff bodies in Group i, the high 
incidence of mosaic forms and the relatively high incidence of large 
cell coronal and s)mcytial coronal forms in this group, and the ab- 
sence of reticular lesions in Group 4. 
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Incidence and Distribution oe Aschoee Bodies in 
THE Myocardium 

The figures quoted in the earlier literature (see Clawson on the 
incidence of Aschoff bodies in the hearts of patients d3dng from rheu- 
matic fever are considerably higher than those obtained by later in- 
vestigators. The reason for this discrepancy undoubtedly lies in the 
fact that the earlier workers chose active cases on which to make 
their studies. On the other hand, the figures recently published have 
also been high, probably because of better recognition of these lesions 
and a more thorough search for them. In comparing the reported in- 
cidence it must be remembered that the type of material studied 
plays an important role. Unless the proportion of acute and chronic 
cases studied is indicated no true comparison can be made. Further- 
more, as will be shown later, the number of blocks studied and, more 
particularly, the sites from which these blocks have been taken, will 
materially influence the results obtained. Of the more recently pub- 
lished figures it is of interest to note that Aschoff bodies were found 
in the myocardium in i8 of Libman^s ® 56 cases (32 per cent), 20 of 
Kugel and Epstein’s 24 cases (83 per cent), 31 of Clawson’s 50 
cases (62 per cent), 24 of McClenahan and Paul’s” 28 cases (85.7 per 
cent), 42 of Gross, Antopol and Sacks’ 79 acute and chronic cases 
(S3 per cent), and in 60 of Thayer’s 64 cases (93.7 per cent). 

In our present statistics, which are based on a study of the stand- 
ardized blocks, Aschoff bodies were found in approximately 59 per 
cent of 161 hearts showing evidence of rheumatic infection, past or 
present, and in 90 per cent of hearts in cases that showed evidence of 
activity, clinically or pathologically. The clinical evidence of ac- 
tivity can be considered to consist of joint pains, choreic manifesta- 
tions and fever. The anatomical evidences of activity consist of 
fresh verrucous lesions, fresh pericarditis and acute inflammatory 
phenomena in the myocardium, valve rings and valve leaflets. The 
question of the relation of activity to myocardial failure and the in- 
cidence of these phenomena during the first eight decades of life 
have been studied by Rothschild, Kugel and Gross,^^ who were able 
to show that during the first five decades of life myocardial failure is 
closely paralleled by activity in the myocardium. 

Classif3dng our rheumatic material that presented Aschoff bodies 
in the myocardium into the four groups outlined above, we observed 
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that in the first group (''first attack” cases) myocardial Aschoff 
bodies are almost invariably found in the interventricular septum 
(T.VA) and in the upper part of the posterior wall of the left ven- 
tricle (M.P.). The posterior wall (myocardium) of the left auricle 
(L.A.), left posterior papillary muscle (P.P.M.) and pulmonary 
conus (P.A.V.) show the presence of Aschoff bodies in about 6o per 
cent of the cases. The myocardial wedge between the aorta and left 
auricle (A.M.V.) shows Aschoff bodies in only a small percentage of 
the cases. 

The Group 2 cases, i. c., those where the individual suffered from 
one previous attack, show a decidedly lower incidence of auricular 
myocardial Aschoff bodies (approximately 20 per cent), but the 
same incidence of lesions in the upper part of the posterior wall of the 
left ventricle (M.P.). The distribution of Aschoff bodies in the 
other sections is similar to that in Group i, but approximately 15 
per cent lower in incidence. In Groups 3 and 4 myocardial Aschoff 
bodies were not found in the myocardial wedge between the aorta 
and left auricle (A.M.V.) . They were rare in the posterior v;all of the 
left auricle (L.A.). The distribution of Aschoff bodies in the left 
posterior papillary muscle (P.P.M.), the interventricular septum 
(T.V.) and pulmonary conus (P.A.V.) was in the same proportion as 
the corresponding sites in Group i, but about 30 per cent lower in in- 
cidence. In Group 3 Aschoff bodies were found in the upper part of 
the posterior wall of the left ventricle (M.P.) in 90 per cent of the 
cases, in Group 4 in 64 per cent of the cases. Perivascular and sub- 
endocardial Aschoff bodies, on the other hand, in contrast to what 
we have termed “myocardial Aschoff bodies,” seem to occur with 
greater frequency in Group 4 cases. 

In summarizing our findings in these four groups it seems that 
when Aschoff bodies are foimd in all the standardized blocks the case 
almost invariably falls into the fiirst group of our clinical classifica- 
tion. Furthermore, .involvement of the myocardiiun of the posterior 
wall of the left auricle (L.A.) with Aschoff bodies occurs almost as 
frequently as it does in the posterior wall of the left ventricle (M.P .) 
and interventricular septum (T.V.). Conversely, the left auricular 
myocardixim (L.A.) is seldom involved with Aschoff bodies in the 
remaining three groups. The incidence of Aschoff bodies in the up- 

* These bracketed initials refer to the abbreviated terminology employed by Gross, 
Antopol and Sacks ^ to designate the standardized sections. 
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per part of the posterior wall of the left ventricle (M.P.) remains 
approximately the same (go per cent) in the first three groups. It is 
somewhat lower in the fourth group. The incidence of Aschoff 
bodies in the interventricular septum (T.V.) is extremely high (al- 
most 100 per cent) in the first group. It varies from 66 per cent to 
88 per cent in this site in the remaining groups. This curious rear- 
rangement in the incidence of Aschoff bodies in various parts of the 
heart, brought about by the clinical course of the disease, again sug- 
gests the possibility of some alteration in the reactivity of the tissues 
induced by the nature and frequency of previous attacks. 

Quite apart from this chnical grouping of our material, it may be 
stated that when Aschoff bodies are present in the myocardimn they 
will be found almost invariably either in the interventricular septmn 
(T.V.) or posterior wall of the left ventricle (M.P.). The next most 
frequent sites in the order of frequency with which Aschoff bodies 
are found are the left posterior papillary muscle (P.P.M.), pulmo- 
nary conus (P.V.), posterior wall of the left auricle (L.A.) and 
myocardial wedge between the aorta and left auricle (A.M.V.). 

Discussion and Summary 

There has been presented in this report a study of the life cycle of 
the myocardial Aschoff body, based on an examination of the clinical 
records and autopsy material from 70 cases that presented Aschoff 
bodies in the myocardium. It appears that these specific lesions pass 
through three stages in development. The earliest phases, repre- 
sented by small cell coronal and reticular Aschoff bodies, have been 
found to occur up to the 4th week after the onset of the illness. The 
middle phases, represented by large cell coronal, syncytial coronal, 
mosaic and large irregular cell polarized Aschoff bodies, have been 
foimd to occur between the 4th and 13th week after the onset of the 
illness. The late phases are represented by polarized Aschoff bodies 
which occur from the 9th to the i6th week after the onset of the ill- 
ness, and subsequently by fibrillar Aschoff bodies which occur after 
the 13th week of the illness. 

The earliest types of specific lesions are apparently influenced in 
their response by the reactivity of the tissue, depending on whether 
there has or has not been a previous attack of rheumatic fever, and 
also by the state of the collagen present in the interstices between the 
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myocardial bundles. As a consequence, the evolution of the lesion 
may follow one of two main courses, determined by the initial lesion. 
The latter may occur in the form of the reticular or the small cell 
coronal Aschoff body. The final phases of the life cycle of the Aschoff 
body are common to both main courses. 

Dividing the material into four groups representing different 
clinical courses, there appears to be some change both in the inci- 
dence of the types of Aschoff bodies present in the myocardium and 
in their localization. The findings reported here, however, can by 
no means be considered as furnishing sufficient statistical evidence 
on which to base final conclusions on this point. That the tempo 
of the life cycle may be considerably faster or slower than what has 
been described in this report seems very probable. Some of the 
stages in the “model” of the life cycle presented by us may be 
absent in some cases, abbreviated in others, or indeed, appear in the 
reverse order from what we have suggested. These facts can be de- 
termined with greater accuracy only after examining a much more 
extensive series of cases and, in the last analysis, must await con- 
firaiation by the hitherto unsuccessful transmission of this disease 
to animals. It is hoped, however, that further studies will be made 
along these lines in order that some of these interesting relations 
may be placed on a firmer footing. 
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DESCRIPTION OF PLATE 


Plate 125 

Fig. I. Aschoff body types illustrating various stages in the life cycle of the 
lesion. A, reticular stage; B, large irregular cell polarized stage; C, reticular 
stage with fusion and granular degeneration of collagen fibers; D, mosaic 
stage with granular degeneration of collagen; E, polarized stage showing 
marked spindle cell formation; F, polarized fibrillar stage; G, fibrillar stage; 
H, large cell coronal stage with granular degeneration of collagen; I, small 
cell coronal stage; J, large cell coronal stage; K, coronal mosaic stage; 
L, mosaic stage, compact form with beginning polarization. 
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THE DISAPPEARANCE OF GLOMERULI IN CHRONIC 

KIDNEY DISEASE * 

Alan R. Moritz, M.D., and J. M. Hayman, Jr., M.D. 

{From the Institute of Pathology and the Department of Medicine, Western Reserve 
University, and the Lakeside Hospital, Cleveland, Ohio) 

It is a common opinion that the ultimate fate of a glomerulus 
damaged beyond recovery is cicatrization and atrophy with the 
formation of a more or less permanent spherical hyaline scar. Ex- 
perimental evidence, however, is lacking to determine whether such 
scars are permanent, or whether they eventually disappear. The 
ratio between intact and scarred glomeruli has been believed to 
furnish some indication of the amount of renal parench 3 miatous de- 
struction. An estimate derived from such observations of the 
extent of renal damage would be justified if the glomerular scars 
were permanent, but if they were to disappear without trace the 
final histological picture would give less insight into the amount of 
damage, and even the pathogenesis of the disease, than is commonly 
supposed. Investigators of the pathological histology of Bright’s 
disease have recognized tubular atrophy and disappearance since 
the time of Cohnheim,^ but as indicated in a recent review by 
Fahr,2 and in the even more recent histological studies of McGregor ® 
and of Oliver and Lund,^ the obliterated glomerulus has not been 
followed beyond the spherical hyaline scar. Both MacCallum ^ and 
Mosenthal ® mention the possibility of complete glomerular disap- 
pearance. Joelson, Beck and Moritz ^ in a study of dog kidneys at 
varying intervals after temporary ureteral obstruction inferred that 
glomeruli may completely disappear without leaving recognizable 
scars, providing sufficient time were allowed to elapse between 
injury and examination. 

If the spherical hyaline scars in a diseased kidney are permanent 
monuments to destroyed nephrons their number plus the number 
of non-contracted glomeruli should equal the number of glomeruli 
found in a normal kidney. To investigate this the number of patent 
glomeruli in a kidney has been estimated by the injection method, 

* Received for publication April g, 1934. 
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and the proportion of injected and uninjected glomeruli and glom- 
erular scars determined by examination of histological sections. 
From these observations the total number of intact and scarred 
glomeruli in a given kidney could be calculated. 


Determination of Patent Glomeruli by Injection 

The number of patent glomeruli was estimated by Kimkel’s ® 
modification of Vimtrup’s method. Human and rabbit kidneys 
were obtained as soon after death as possible, usually within 12 
hours in the former and immediately in the latter, were weighed, and 
cannulae tied into the renal artery and vein. The kidney was then 
perfused at 140 mm. Hg. pressure with a mixture of equal parts of 
2.5 per cent potassium ferrocyanide and ferric ammonium citrate 
after the blood had been completely washed out with physiological 
salt solution. It was then stripped of all fat, including that in the 
pelvis, weighed again and four blocks taken for histological sec- 
tions. These were also weighed. By weighing the fat that had been 
removed the original weight of the kidney before perfusion was ob- 
tained. The kidney was cut into pieces, macerated in 50 per cent 
HCl for 24 to 36 hours, and then transferred to water in which the 
maceration was continued for 24 to 48 hours. By this time the 
kidney was quite soft and could easily be drawn through a tube 
2 mm. inside diameter. The macerated kidney was then diluted to a 
suitable volume, thoroughly mixed, and the glomeruli in 2 cc. ali- 
quots counted on a ruled Syracuse watch glass under a binocular 
biobjective microscope. Glomeruli are resistant to digestion and 
appear as deeply stained blue balls amid pieces of broken tubules. 
Twenty aliquots from at least three samples of the final dilution 
were coimted. 


Histological Examination 

The blocks taken for histological sections were fixed in acidified 
formalin, washed, dehydrated and embedded in paraffin in the 
usual manner. Sections were cut 6 microns thick at intervals of 
o.i mm. from each block and were stained either with hematoxylin 
and eosin or by the Van Gieson technique. The percentage of in- 
jected glomeruli, non-in jected but apparently patent glomeruh, and 
glomerular scars was dete rmin ed by differential count. Scars of 
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doubtful identity were counted as glomeruli, so that any error in the 
differential count represented more glomeruli than were actually 
present rather than less. This procedure gave added significance to 
estimated totals which were less than the expected normal. The 
estimation of the total glomeruli by injection and the differential 
counts in sections were made independently by different observers. 

In making calculations it was assumed that the distribution of 
patent and obliterated glomeruli throughout the kidney was fairly 
uniform. The histological examination of blocks taken from differ- 
ent parts of the kidney seems to justify this assumption. 

From these data two calculations were made: first, from the pro- 
portion of apparently patent but uninjected glomeruli the total 
number of possibly patent glomeruli was estimated; and second, 
from the proportion of fibrous and apparently patent glomeruli the 
total number of recognizable glomerular structures was calculated. 
There is probably an error in these estimations since a glomerulus 
often appeared patent but uninjected in a single section, although 
serial sections showed that its afferent artery was completely oc- 
cluded so that it could not be injected. This, however, does not 
affect the comparison of the total number of glomeruli in the 
diseased kidney with the normal. An example of calculation 
follows: 

Autopsy No. 4553, Jan. 11, 1934- Weight of kidney and fat be- 
fore perfusion 275 gm. Weight of kidney after perfusion 226 gm. 
Weight of blocks for sections 2 gm. Weight of fat no gm. Cor- 
rected weight of kidney 165 gm. Kidney cut into small pieces and 
these placed in 50 per cent HCl. January 12, transferred from acid 
to water. January 13, diluted to 16 liters. Counts on 2 cc. samples: 
174, 216, 190, 161, 176, 182, 170, 175, 166, 179, 149, 163, 160, 154. 
Mean 170.2 ± 12.27. By Fisher’s® formula t= 39.13 and is sig- 
nificant. Estimate of injected glomeruli 170.2 X 8 = 1361.6 
thousand. Correction for blocks taken for histological section 12 
thousand. Corrected estimate of injected glomeruli 1374 thousand. 
Differential count of 795 glomeruli showed 98 per cent injected, 
1.5 per cent apparently patent but uninjected and 0.5 per cent 
hyaline scars. Correcting the estimate from injected glomeruli gave 
1395 thousand apparently patent, and 1402 thousand recognizable 
glomerular structures. 
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Normal Kidneys 

Estimations of the number of glomeruli in the human kidney have 
varied tremendously — from 560 thousand to 5,700 thousand by 
different observers and using diverse methods. By injection of 
iron salts and acid digestion Vimtrup found 834 thousand to 
1,233 thousand, Moore 600 thousand to 1,200 thousand, Hayman 
and Johnston 800 thousand to 1,500 thousand. The number of 
glomeruli in the two kidneys of the same animal have been found 
approximately equal (within 10 per cent) by Ha)anan and Starr ” 
for the rabbit and by Moore for man. 

Fourteen kidneys from human subjects between i month and 88 
years of age were injected (Table I). None had evidence of kidney 
disease during life, with the exception of 3 who died from acute mer- 
curic chloride poisoning. These have been included in the normal 
group because of the absence of history of previous kidney disease, 
the lack of histological evidence of glomerular damage and the fact 
that a bichloride kidney may be perfused and injected as a normal 
one. 

Of interest in this series was the observation that in a kidney 
from an infant i month of age, 10 per cent of the glomeruli were im- 
mature, non-patent structures. This confirms previous observa- 
tions that postnatal maturation of glomeruli occurs in animals 
(cats).^‘* When these immature glomeruli w^ere included in the total 
estimate of glomerular structures the number was equal to that 
found in the adult. Even in “normal ” kidneys of young individuals 
a small number of fibrous or hyaline glomerular scars were found. 
This number tends to increase slightly with age, but an advanced 
age may be reached without any significant decrease in the total 
number of glomeruli. This is at variance with the observations of 
Moore who foimd that the number of glomeruli is reduced after the 
sixth decade. As would be expected, kidneys of very different 
weights may contain approximately the same number of glomeruli. 

The range of the estimations of total glomenilar structiires in these 
fourteen kidneys was from 940 to 1542 thousand. The mean was 
1,282.8 32.7 thousand and the standard deviation 174 thousand. 

If a normal distribution be assumed in this sample of 14 kidneys 
(and there is nothing to indicate that the distribution is not normal), 
then glomerular cormts differing from the mean by more than twice 
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the standard deviation, or below 933.7 thousand, may represent a 
significant reduction, while the chances are about 370 to i that any 
count differing by more than three times the standard deviation, or 
below 759.1 thousand, represents a true reduction. The mean of the 
present series differs slightly from that found by Ha3mian and 
Johnston in a series of 12 normal kidneys, but in which no correction 


Table I 

Glomerular Counts of Normal Kidneys 
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89.0 

per cent 
II. 0 * 

per cent 

thousands 

1180 

thousands 

1180 

4495 

F 

I 

mo. 

9 

944 

479 

90.0 

10. 0* 


1049 

1049 

4360 

F 

20 yrs. 

IIS 

1004 

675 

92.0 

7.0 

1,0 

1080 

1 

1091 

4527 

M 

20 

a 

132 

1421 

781 

100. 0 

. • 

. . 

1421 

1421 

4575 

F 

21 

i: 

124 

1242 

701 

99.2 

0.8 


1252 

1252 

4154 

F 

23 

ti 

156 

1230 

708 

96.2 

1.2 

2.6 

1245 

1 1279 

4457 

M 

28 

u 

187 

1465 

548 

95*0 

4.8 

0.2 

1438 

1542 

4372 

M 

4 ^ 

a 

230 

1300 

969 

99.0 

1 0.6 

0.4 

1307 

1312 

4294 

M 

49 

a 

268 

1238 

974 

95-5 

2.0 

2.5 

1163 

1296 

4216 

M 

51 

a 

210 

1530 

869 

99.4 

1 0.2 

0.4 

1533 

1539 

4553 1 

F 1 

S6 

a 

165 

1373 

795 

98. 0 

1.5 

0.5 

1394 

1401 

A9211 

M 

6S 

tc 

145 

905 

636 

96-3 

0.4 

3-3 

909 

940 

4337 

M 

71 

u 


1023 

610 

85.5 

0.7 

13.8 

1031 

1196 

4554 

M 

1 

88 

u 

D 

1298 

739 

89,0 

8.0 

30 

1414 

1458 


* Immature non-patent glomeruli. 


was made for fibrotic glomeruli; The difference in the means 
(1156 38.8 and 1283 ± 32.6) is 127 ± 61.4 thousand, and is not 

statistically significant. 


Chronic Renal Disease 

The abnormal kidneys have been grouped according to the type 
of pathological process (Table II). In these the number of obvi- 
ously and possibly patent glomeruli has been recorded, as well as the 
total munber of recognizable glomerular structures. The difference 
between the total possibly patent and the normal number of 
glomeruli indicates the reduction in the number of functioning units. 
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or units that may possibly be capable of any function, v/hile the dif- 
ference between the last figure and the normal measures the number 
of glomeruli that have disappeared so that they are no longer 
recognizable. Both of these estimates are probably too high, since 
any glomerulus that contains dye at all is counted as injected, al- 
though many of its capillaries were frequently occluded. The 
number of possibly patent glomeruli cannot, therefore, be taken as 
a measure of the extent of the filtering surface. The second figure is 
probably high also, because it was frequently impossible to dis- 
tinguish whether an acellular hyaline scar represented an obliterated 
glomerulus or blood vessel. 

In all groups there are instances in which there is not only a sig- 
nificant but even a striking reduction. This is most marked in the 
cases of diffuse glomerular nephritis. In the arteriosclerotic group 
there is a significant reduction, not only in the number of patent 
glomeruli, but also in the total number of recognizable glomerular 
structures, both in those who died of cardiac failure and in those 
in whom the arteriolar nephrosclerosis "was an incidental autopsy 
finding. In two of the three patients with vascular disease who died 
in uremia with renal failure the renal damage had progressed rap- 
idly. In one (4204) clinical evidence of renal impairment had been 
present for only a month before death, while in another (4147) had 
been present less than 6 months. It is probable that in these cases 
death occurred before the fimctionless glomeruli had been hyalinized 
or had disappeared. In the microscopic sections from these kidneys 
great difficulty was frequently experienced in distinguishing patent 
uninjected glomeruli from non-patent but not hyalinized glomeruh, 
so that the cmmt of injected glomeruli is probably a closer estimate 
of the munber of possible functioning structures than the corrected 
estimate. 

It would appear from these data that more than half of all the 
glomeruli in a kidney damaged by vascular disease or chronic mflam- 
mation may disappear without leaving recognizable scars. Further- 
more, the disappearance of renal parench3ma, as indicated by the 
number of remaining glomeruli and glomerular scars, need not be 
paralleled by a corresponding reduction from the expected normal 
weight of the kidney. 



Tabib n 

Glomerular Counts of Pathological Kidneys 
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The Morphological Aspects or Glomerular Disappearance 

If this evidence be accepted as indicating that glomeruli disappear 
without trace, the histogenesis of this process demands study. For 
this purpose two uninterrupted series of 200 sections, each 6 microns 
in thickness, were cut; one from a kidney the seat of nephrosclerosis 
and the other from a kidney the seat of chronic diffuse glomerulo- 
nephritis. The sections from these two series were stained with 
hematoxylin and eosin, Masson’s trichrome light green, Mallory- 
Heidenhain azan carmine, and Foot’s silver carbonate, in rotation, 
so that the various structural characteristics of a given glomerulus 
could be observed in adjacent sections. In a number of instances it 
seemed advisable to study the various elements of a glomerulus in 
the same section. To do this a glomerulus was photographed re- 
peatedly at a constant magnification, destaining and staining by a 
different technique between each photograph. In addition to the 
stains mentioned above, Mallory’s phosphotungstic acid hematoxylin 
was found especially useful for the identification of collagen and 
fibroglia. Glomerular scars in kidneys the seat of chronic pyelone- 
phritis and hydronephrosis were also studied in this manner. 

Normal and diseased glomeruli have recently been described in 
detail by McGregor, who did not, however, study the components 
of the glomerular scar. This spherical hyaline body, when stained 
with hematoxylin and eosin or azan carmine, is apparently of too 
simple a structure to justify further investigation. Regardless of 
whether the glomerular damage was the result of arteriolar nephro- 
sclerosis, chronic diffuse glomerular nephritis, chronic pyelone- 
phritis or hydronephrosis, the final spherical hyaline glomerular 
scars are for the most part indistinguishable from one another. 
Even after the glomerulus has been converted into a structure 
which in hematoxylin and eosin preparations appears to be a homo- 
geneous, acidophilic sphere, special stains (azan carmine, phospho- 
tungstic acid hematoxylin) may disclose the shadowy outlines of the 
wrinkled, thickened basement membrane of arteriolar nephro- 
sclerosis (Fig. I b) or the more fibrillar peripheral remnant of a 
capsular crescent denoting inflammatory change. These distin- 
guishing features are subsequently lost with complete hyahnization 
(Fig. 2 b). 
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Four fibrillar elements are concerned in the organization and dis- 
appearance of the glomerular scar in chronic renal disease. The only 
stainable intercellular structure normally present in a glomerulus is 
the basement membrane of the tuft. This membrane is covered by 
epithelium and lined by endothelium and is in structural continuity 
with the capsular and tubular membranes (Fig. 4 a). Furthermore, 
it stains in the same manner except that it is not argentophilic, 
whereas the membrane surrounding capsule and tubule has an argen- 
tophilic component (Fig. 4 b). In nephrosclerosis the argento- 
phobic glomerular and the argentophobic portions of capsular and 
tubular basement membranes are thickened, but the argentophilic 
component is not altered, the accretion of substance being inside of 
it (Figs. I B and i c). With contraction and hyalinization of the 
glomerular scar the more or less continuous argentophilic capsular 
membrane becomes disrupted and there is irregular prolongation of 
the interstitial silver staining fibrils into the periphery of the hyaline 
mass (Fig. 2 c). Argentophilic fibrils also appear at the vascular 
hil nm and develop in the center of the scar. The original argento- 
phobic tuft membrane has in the meantime lost its identity and has 
become incorporated in the hyaline mass. The scar gradually loses 
its spherical contour, is rendered irregular by superficial concave 
defects, and within it there are focal areas of rarefaction (Fig. 3 b). 
The penetrating peripheral and central argentophilic fibers become 
confluent and conform in pattern to that of the interstitial tissue of 
the kidney, and the last recognizable trace of the glomerulus is a 
local collection of small, irregularly outlined, confluent hyaline 
bodies lying in the interstices of an argentophilic mesh. 

The other two fibrillar elements are collagen and fibroglia. Col- 
lagen fibrils appear only in the peripheral portion of the glomerular 
scar and are not seen in the more advanced examples of organization. 
Their situation would suggest that they are derived from the capsu- 
lar fibrous tissue. Fibroglial processes develop within the substance 
of the hyaline sphere and do not appear to play any important part 
in its organization. The probable source of these processes is from 
capillary enddthehal cells that survive within the scar. These cells 
enlarge, elongate, and come to resemble fibroblasts. No example of a 
completely acellular scar was encountered and no evidence of fibro- 
blastic penetration of the scar was recognized. 

Fatty degeneration of the scar occurs especially in kidneys the 
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seat of rapidly progressive disease. The degeneration is frequently 
severe enough to leave large defects in the otherwise hyaline mass. 
In the less rapidly progressive types of renal disease fatty degenera- 
tion is inconspicuous. Calcification is occasionally present in the 
form of finely dispersed granular deposits, but is rarely extensive. 


The Disappearance op Glomeruli Following Experimental 
Renal Injury in Rabbits 

Various attempts were made to produce unilateral renal injury of 
sufficient severity to effect a certain amount of diffuse irreparable 
glomerular damage, so that the total number of surviving glomerular 

Table III 


Glomerular Counts of Rabbits’ Kidneys 


Rabbit 

No. 

Left (control) kidney 

Right (injured) kidney 

Type injury 

Recov- 
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uli in 
macer- 
ated 
kidney 

Dificrential 

count 


Injected 
glomer- 
uli in 
macer- 
ated 
kidney 

DifTcrcnlial 

count 

Total 
glomer- 
ular 
struc- i 
lures 

Injected 

TJnin- 

jeeted 

and 

scars 

i 

Injected] 

Unin- 
jeeted 
and ' 
scars 


thous^ds 

per cent 

per cent 

thous’ds 

ihous^ds 

per cent '■ 

per cent i 

fkoux’ds 


days 

lOI 

167 

98 

2 

170 

^37 

98 

2 

140 

X-ray 

27 

102 

144 

97 

3 

149 


89 

II 

130 


63 

I3I 

163 

99 

I 

165 

146 

98 

2 

149 


71 

133 

181 

98 

2 

185 

122 

94 

6 

130 


71 

X 34 

183 

99 

I 

i8s 

126 

88 

12 

143 


71 

132 

179 

99 

I 

181 

130 

99 

I 

132 


77 

130 

140 

97 

3 

144 

33 

88 

12 

39 


153 

143 

116 

100 

.. 

II6 

89 

90 

10 

99 

Ureter 

56 

144 ' 

99 

98 

2 

lOI 

36 

99 

I 

1 37 

kinked 

56 

14s 

166 

98 ; 

2 

169 ! 

96 

94 

6 

102 


56 

2842 ' 

128 ' 

100 


128 

120 

98 

2 

123 

Vein 

90 










clamped 











17 hrs- 


148 

178 

100 

i 

• • 

178 

] 

179 

100 


179 

Control 



structures could be compared with the number of glomeruli in the 
other (normal) kidney. Of the methods tried, temporary partial 
ureteral obstruction and exposure to X-ray proved most satisfactory 
in our hands. For unilateral injury by X-ray the kidney was deliv- 
ered through a lumbar incision, the animal protected with lead foil, 
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and the exposed kidney subjected to from 2 to 5 human erythema 
doses. Partial ureteral obstruction was produced by kinking the 
ureter just above the bladder by suturing in to the latter. After 35 
days the animal’s abdomen was again opened, the sutures cut and 
the ureter straightened. At this operation the ureter was found to 
be dilated, while at autopsy this had disappeared. 

As indicated in Table III, complete disappearance of as many as 
70 per cent of all the glomeruli in a rabbit’s kidney may occur with- 
out the persistence of scars to denote their previous existence. This 
lends confirmation to the suggestion previously made by Joelson, 
Beck and Moritz regarding glomerular disappearance in the dog. 

Discussion 

It has been shown that both in chronic renal disease in man and in 
experimentally produced glomerular injury in rabbits a large pro- 
portion of the glomeruli in a given kidney may disappear, leaving no 
recognizable trace. In the case of the rabbits, where the disease was 
not progressive, there was not even any condensation of the inter- 
stitial connective tissue to indicate the loss of parenchyma. In man 
the chronic progressive nature of the disease made interstitial fibrosis 
a constant finding, even though the recognizable glomerular scars 
were not numerous enough to account for more than a fraction of the 
obliterated glomeruli. The reduction of the number of glomeruli 
was not paralleled by a corresponding reduction from the expected 
normal weight of the kidney. 

If so large a proportion of the glomeruli in chronic renal disease 
can disappear without trace, as is indicated in Table II, the final 
histological examination of the kidney may give less information 
concerning the pathogenesis and severity of the disease than is com- 
monly thought. . If a kidney, having originally an expected normal 
number of about one million glomeruli, can lose as many as three- 
fourths of these without leaving recognizable scars of those lost, it 
is not fair to assmne that the changes affecting the one-fourth re- 
maining were necessarily the same as those that occurred in the 
glomeruh that have disappeared. The final pathological diagnosis 
of the kidney is frequently made on a basis of the preponderant 
change seen. This may involve a weighing of the evidence of arte- 
riolar sclerosis against the evidence of inflammation. If complete 
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glomerular disappearance occurs to the extent indicated in this 
investigation the final pathological picture may throw but little 
light on the pathogenesis of certain types of chronic renal disease. 

Summary and Conclusions 

1. The number of possibly patent glomeruli and glomerular scars 
has been estimated by a combination of injection and histological 
methods, 

2. The average number of glomeruli in 14 normal human kidneys 

was 1,282.8 32.7 thousand, 

3. In chronic renal disease not only the number of patent 
glomeruli but the total number of recognizable glomerular structures 
was reduced. This was most marked in chronic glomerular nephritis. 
The number of possibly patent glomeruli frequently falls below 500 
thousand and may be below 200 thousand. The total number of 
recognizable glomerular structures, including scars, was frequently 
below 600 thousand and in some instances below 300 thousand. 

4. Since large numbers of glomeruli may disappear during the 
course of chronic renal disease it is suggested that the final histologi- 
cal pattern may not give as much information concerning the 
pathogenesis or severity of the disease as is commonly thought. 
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DESCRIPTION OF PLATES 


Plate 126 

Fig. I a, b and c. Three photographs of the same section including a glom- 
erular scar in an early stage of organization. 

A, stained by hematoxylin and eosin. 

B, stained by the Mallory-Heidenhain azan carmine method. 

c, stained by Foot’s silver carbonate method, x 300. 

In A the spherical hyaline scar appears quite homogeneous. In b the 
denser staining, thickened basement membrane of the tuft can be identified. 
In c the argentophilic capsular membrane is quite intact, but in the 
center of the scar reticulum fibrils, continuous in serial sections with the 
vascular hilum, may be seen. 

Fig. 2 a, b and c. Three photographs of the same section including a glom- 
erular scar which shows more advanced organization than is seen in Fig. i. 

A, stained by hematoxylin and eosin. 

B, stained by the IVIallory-Heidenhain azan carmine method. 

c, stained by Foot’s silver carbonate method. 

In both A and B the scar appears homogeneous but in c the capsular 
reticulum is discontinuous and the scar shows peripheral penetration from 
the interstitial tissue and central penetration from the vascular hilum by 
argentophilic fibrils, x 300. 
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Platk 127 

Fig. 3 A and n. Two photographs of the same section cut through the middle 
of the almost completely absorbed glomerular scar. 

A, stained b}’' hematoxylin and cosin. 

B, stained by Mallory-Heidenhain azan carmine method. 

In A the scar appears to be homogeneous and spherical. In b the scar 
is seen to be irregularly^' absorbed from within and from without. A com- 
parison of the distribution of nuclei in A with the distribution of the areas 
of hyaline absorption in b indicates that the disappearance of hy^aline 
occurs around cells that appear to be fibroblasts, x 385. 

Fig. 4 A and b. Two photographs of normal glomeruli. 

A, glomerulus stained by the ]\Iallor\"-Hcidcnhain azan carmine method 
to show the continuity of the capsule (and tubular) basement membrane 
with that of the tuft, x 385. 

B, glomerulus stained by Foot’s silver carbonate method to show that 
the argentophilic component of the capsular and tubular membrane is not 
continued into the basement membrane of the tuft, x 385, 
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ACTINOMYCOSIS OF TUBES AND OVARIES* 

REPORT OP A CASE 
V. H. Cornell, M.D. 

{From the Laboratory Service, Leilerman General Hospital, San Francisco, Calif., and 
the Army Medical Mnscum, Washington, D.C.) 

The table and bibliography appended hereto have been made 
as comprehensive as possible in an attempt to collect in the English 
literature all cases of actinomycosis of the internal female genitalia. 
There have been foimd 71 published cases, f some of which are listed 
as parametrial and perhaps should not be included. The American 
literature records 7 cases, the English 6 and the remainder are in 
other languages. Of the 71 cases 45 died, in 7 the outcome is not 
recorded, 8 were improved and only ii cures are claimed or inferred. 
Of the II ciures only 2, those of Martin and Martins, are reported 
as exceeding i year. Both patients were well, over 3 years after 
discharge. It has been learned in a personal communication that 
Brickner’s patient, who had been well for 2 years when reported in 
1924, died in 1930 of actinomycosis. 

Helwig, Brickner, and Draper and Studdiford give good reviews 
of relatively recent date in English, and Nxirnberger’s chapter on 
the subject is excellent in German. These articles give reviews of 
current opinions as to etiology, diagnosis and treatment. The intes- 
tinal tract is possibly the primary site of infection, and extension is 
generally by continuity of tissue. Early operative intervention, 
potassiiun iodide, Roentgen therapy and possibly yatren appear to 
be the treatments of choice. These facts appear generally agreed 
upon. 

* Received for publication November 27, 1933. 

f One additional case has been indexed since submitting the above article for 
pubheation. Rumpf, E. Geschlossene Ovarialaktinomykose. ZetilralbLf. Gytidk., 1933, 
57, 1216--1218. This case occurred in a female 40 years of age, whose appendix was 
removed in May, 1929, at which time the internal genitalia appeared 0^3'- slightly 
injected. In September of that year she was taken suddenly ill, a mass was found in 
the left pelvis and this grew to the navel. Puncture drainage by vagina was followed 
by temporary improvement. In May, 1930, severe symptoms returned and laparotomy 
was performed July 2r, 1930. Bilateral ovarian and parametrial involvement by ac- 
tinomycotic abscesses was found. Death occurred s days after operation from 
peritonitis. 
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Table I 

Published Cases of Aeiiuomycosis of Internal Female Genitalia 
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CORNELL 


The following case is reported chiefly because of the cure in 
4 years. The history is rather long but interesting and hence in- 
cluded somewhat in detail; it would indicate approximately lo years 
duration of infection prior to operation. 

Report of Case 

J. A. B., a white, female, aged 31 years, was admitted to the Letterman Gen- 
eral Hospital, May 3, 1929. 

PreroioKs History: The patient was bom in European Russia in 1897 and lived 
at her birthplace until 1917. She was married in 1913, separated from her hus- 
band during the World War (1914-1918) and divorced in 1918 without resuming 
marital relations. Between 1913 and 1919 she had several attacks of “malaria,” 
the diagnosis being clinical only, but the attacks were relieved by quinine. She 
also had frequent “colds” as a schoolgirl, each of few days duration. She has 
been more or less constipated all her life. In 1918 she went to Omsk, Siberia, 
and in 1919 to Vladivostok, where she remained until 1922. In 1919 at Vladi- 
vostok she spent 35 days in the City Hospital with severe pain in the right 
lower quadrant of the abdomen, being treated by vaginal douches and ice ex- 
ternally. In 1919 she met her present husband and has accompanied him since. 
From 1922 to 1923 she was in Shanghai, suffering from occasional pains in the 
right lower quadrant, these being at times sharp, as if pulling. They had no 
relation to menses. From 1923 to 1925 was spent in the Philippine Islands. 
According to her statement she w’as twice in the Sternberg General Hospital, 
Manila, P. I. 

History from Sternberg General Hospital: Admitted Aug. 9, 1924, with a history 
of “ovarian trouble” for 3 years, severe hypochondriac pain for 2 months and 
acute exacerbation the day prior to admission. No nausea, vomiting or consti- 
pation. Weight 148 poimds (normal). Tenderness over McBumey’s point. Ap- 
pendectomy August loth. The appendix was closely adherent and posterior to 
the cecum. Urine showed a few pus cells. Feces showed segments of tapeworm. 
Blood: leukocytes 6800 with 64 per cent neutrophilic polymorphonuclears on 
August nth. Wassermann negative. The patient was up in a wheelchair 
August 22nd (12 days postoperative) and was discharged from the hospital 
August 31st. 

Vaginal smear, on October 3rd was reported positive for pus and Gram- 
negative intracellular and extracellular diplococci. 

Readmitted to Sternberg General Hospital Jan. 6, 1925. This history records 
dengue fever in July, 1924, some dysmenorrhea and leukorrhea, tapeworm, 
and pain in region of right ovary. Weight 155 poimds. Tenderness present in 
both ovarian regions; no masses palpable. Tenia solium removed by vermifuge. 
Cyst of right Bartholin’s gland incised January i6th. Cervical discharge con- 
tained pus and a few Gram-positive bacilli. Urine and blood negative. Discharge 
from cyst of Bartholin’s gland contained pus and intracellular Gram-negative 
diplococd. Cervical smear on January 17th showed no pus but endothelial 
cells with included bacteria. Operative scar reported non-adherent. Dis- 
charged Jan. 22, 1925. (No histological examination of appendix recorded; 
inquiry in 1929 failed to discover any retained tissue.) 
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Letter man General Hospital History: The patient stated that the abscess of the 
labium had existed for 5 years and dates the vaginal discharge as beginning after 
appendectomy in 1924. Continual use of a pad was required, being renewed 
daily. She also stated that the pain in the right lower quadrant was much worse 
after the appendectomy. In 1925 she started for the United States on a naval 
transport but while at Shanghai went to a Polish doctor who said she should 
have immediate treatment to prevent cancer. For 3 months he treated her by 
daily applications to or into the cervix, followed by tamponage, with some dark 
medicament, and daily douches before each visit to Ws office; menstruation 
stopped during this treatment for a period of 4 months. From Shanghai she 
came to San Francisco, where she has resided since except for 3 or 4 months 
spent in San Diego in 1925. In San Francisco she was at first treated three 
times a week by a private physician who used tamponage and douches. There 
was no improvement or change in the pain during either of these courses of 
treatment. Then followed treatment for 6 months at a San Francisco hospital, 
where X-ray was used for diagnosis and the patient informed that her trouble 
was due to adhesions. She was given a diet and oral medication, losing about 
36 pounds during these 6 months (168-132). She was then sent to Letterman 
General Hospital by a naval surgeon. 

Obstetrical History: Menses began at 15 years, were regular and of the 2 t day 
type, 4 to 5 days heavy flow but no pain. The only interruptions have been in 
1914, when she became pregnant but miscarried at 3f months; in 1920, when 
she again miscarried at 3 months; and in 1925 as recorded. The patient em- 
phatically derdes any intervention during either pregnancy. 

Present Illness: Admitted May 3, 1929, as an emergency case. She had been 
vomiting green material for 18 hours, according to her husband’s statement, 
with severe pain across the lower abdomen. She had had a small bowel move- 
ment the day of admission and one the previous day. There was always tender- 
ness in the suprapubic region and she had had numerous previous attacks of 
pain, but none so severe. The pain was chiefly across the lower abdomen, with 
epigastric distress. 

Physical Examination: Pulse 102, temperature 99.2° F, respirations 24. Pulse 
regular and of good quality. General condition fair. Blood pressure 110/80. 
Positive findings: moderate leukorrhea; cervix elongated, especially the anterior 
lip; uterine fundus enlarged and irregular on posterior surface; moderate re- 
sistance in both adnexa but examination unsatisfactory because of pain on 
pressure upward from vagina or upon abdominal pressure; abdomen moderately 
distended; liver not enlarged; spleen not palpable; marked tenderness over 
lower abdomen, especially in suprapubic region; no definite muscle rigidity. 

Progress and Laboratory Findings: 

May 3rd: White blood cell count 15,850, polymorphonuclears 83 per cent at 
4:30 p.M. Passed gas and had bowel movement. Urine showed trace of al- 
bumin, many pus and epithelial cells. Feces showed imdigested food. 

May 4th: White blood cell count 8100, polymorphonuclears 65 per cent. 

May 5th: White blood ceU count 4900, pol3miorphonucIears 68 per cent. 
Urine showed a few pus and blood cells. 

May 6th: Blood Wassermann negative. 

May 7th: On pelvic examination the external genitalia were negative, but 
there was a slight leukorrheal discharge in the vagina. The cervical canal was 
patulous with a plug of stringy mucus present; no erosions or cysts were noted; 
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fibrosis of the anterior lip was more marked at the neck of the cervix- The 
uterus was hard with irregularities on the anterior surface and both sides. On 
the left posterior surface at the junction of the neck and lower uterine segment 
there was an indefinite mass- Adnexa: masses were felt at both cornua sug- 
gestive of bilateral salpingitis; the ovary on the left v/as not definitely made out 
but seemed distinct from the mass at the cornu and apparently vras prolapsed 
and slightly enlarged; what seemed to be a definite cj'stic ovary w'as felt on the 
right side. 

May 13th: Operation; (i) release of intestinal obstruction, (2) oophorectomy 
and salpingectomy, bilateral. Paramidline incision, pubis to umbilicus. The 
upper abdomen was apparently negative, the lower abdomen a mass of adhe- 
sions. The uterus and adnexa were hidden by adherent intestinal loops. The 
bladder wall was much inflamed. At the left cornu of the uterus the blad- 
der, tube and an epiploic appendage of sigmoid were involved in a suppu- 
rating area which might have been a diverticulum of the bladder; however, 
separation showed the bladder wall apparently intact and the raw area was 
covered by peritoneum. Both tubes and ovaries were found oozing pus. It 
was not possible to save any portion of either ovary so both tubes and ova- 
ries w’ere removed. There v.'ere thick, indurated masses involving the sigmoid 
and ileum, all matted together wdth these suppurative tubes and ovaries. 
Many areas looked malignant but the condition was considered probably en- 
tirely inflammatory. Upon completion the pelvis was dry and the intestine 
patent throughout. Raw areas were reperitonealized and the sigmoid arranged 
behind the uterus to prevent entry of the small intestines into the pouch of 
Douglas. Closure in layers. The patient’s condition was good on return to 
the ward. 

June 3rd: X-ray shov/ed the chest to be negative for pulmonary pathology. 

June 9th: Discharged, the wound having healed by first intention. 


Pathologist’s Report 

Gross Exammaiioji: The specimen, as received in 10 per cent for- 
malin, consisted of one tube with an ovary attached and another tube 
and two separate (ovarian?) tumor masses. The tubes were thick- 
walled, congested and edematous. Both ovaries showed large, pale 
tumor masses considered probably carcinoma, at first. Later exami- 
nation showed these to consist of multiple yellowish lobules, partially 
encapsulated and partially confluent, with strands of dense white 
tissue between the lobules and numerous small ragged foci in the 
centers of the cut surfaces of these lobules. Some similar foci were 
seen in the walls of both tubes. In the ovary adherent to the tube a 
large corpus lutemn was noted. 

Microscopic Eocaminalion: Multiple abscesses are seen in the 
ovaries and tubes, with granulomatous walls. There is no evidence 
of malignancy. The ovaries are chiefly involved. Although no 
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actual granules can be seen in a limited number of sections of 
tube, however, there are multiple abscesses in the walls, pus in the 
Imnens, granulomatous walls about the abscesses and the inflam- 
matory picture is identical with that seen in the ovary. One large 
granule is seen at the edge of the ovary very close to the tubo- 
ovarian adhesion. The smaller fungus granules are composed of 
centers that are not remarkable when stained with hematoxylin- 


Table II 

Other Cases Published or Referred to in the Literature^ Not Included in Table I 


No. 

Author 

Date of 
publi- 
cation 

Reason for omission from table 

I 

Bostroem 

1890 

Apparently same case as Middeldorpf’s No. 4 

2 

Regnier 

1894 

Genitals not stated involved 

3 

Lieblein 

1900 

Skin of external genitalia involved only 

4 

Bongartz 

1902 

Vulva involved only 

5 

Trapl 

1913 

Right labium involved only 

6 

Reifferscheid 

1924 

Cannot locate with reference given 

7 

Richter 

1927 

Does not specify involvement of female genitalia 


eosin but show innumerable, intertwining Gram-positive h3^hae 
when stained by MacCallum’s method for demonstrating Gram- 
positive and Gram-negative organisms. At the periphery of these 
granules the threads extend between adherent pus cells and can be 
seen in irregular broken form, with coccoid and bacilliform portions. 
Some of the small separate fragments are diphtheroid in appearance. 
In some sections the peripheral clubbed eosinophilic encapsulation 
of these hyphae is well demonstrated but in the larger clubs no fila- 
ments can be seen. One additional notation is made, not foimd 
described elsewhere. This is the large crystalline structure of the 
centers of the older colonies, these staining with eosin, being some- 
what radial in distribution and having branched, spike-like periph- 
eries. Such structure is seen in sections of the same granules with 
both stains and occupies most of the granule, only the periphery 
presenting many filaments. These were considered deposits of 
unknown composition. 

Diagnosis: Actinomycosis of ovaries and tubes. 
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Subsequent History * 

The patient has been carefully followed and has remained in excel- 
lent health since discharge from the hospital in 1929. She was last 
reported on April 25, 1933, at which time she weighed 155 pounds, 
stated that she was not constipated and on careful pelvic examina- 
tion no tenderness, masses, induration or fixation could be detected. 

Summary 

1. Seventy-one published cases of actinomycosis of the internal 
female genitalia are listed, 

2. Of these 45 individuals died, 8 W'ere improved, in 7 the out- 
come is doubtful, and only 11 are possible cures, 

3. The case reported showed involvement of both tubes and 
ovaries. The patient was operated upon and treated by potassium 
iodide, and is well 4 years after operation, 

4. Tabulation of some features of published cases is presented. 

Note; It is desired to express appreciation of the courtesy and 
cooperation of the following ofiicers; Lt. Colonel F. S- Wright, 
M.C., who was Chief of the Surgical Service at Letterman General 
Hospital and who performed the salpingo-oophorectomy. Major 
H. S. Villars, M.C,, who was Ward Surgeon at that time, and Colonel 
R. F, Metcalfe, M.C., at present Chief of the Surgical Service at 
Letterman General Hospital and who has kindly examined the 
patient several times for the author. 
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DESCRIPTION OF PLATES 
Plate 128 

Fig. I. Ovarian and tubo-ovarian masses in gross. Note tbe fibrosis, alveolar 
arrangement and minute central foci of necrosis. Natural size. (Army 
Medical Museum Neg. No. 49885.) 

Fig. 2. Higher magnification of upper edge of granule seen in Fig. 3, showing 
hypbae in more detail and extending into the clubs. MacCallum’s stain. 
X 2000. (Army Medical Museum Neg. No. 49884.) 

Fig. 3. Fungus granule showing mycelial maze of hypbae; hypbae extending 
into clubs and cellular reaction, chiefly polymorphonuclears. MacCallum’s 
stain. X 810. (Army Medical Museum Neg. No. 49883.) 

Fig. 4. Edge of granule showing higher power view of clubs. Hematoxylin 
and eosin stain, x 2000. (Army Medical Museum Neg. No. 31018.) 
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Plate 128 





Plate 129 

Fig. 5. This granule is mostly composed of the crystalline 'deposit, uniden- 
tified. not found previously described. About the peripherj' hyphae still 
exist. Note purulent wall about granule. Hemato.vylin and eosin stain. 
X 91. (.-^rmy Medical Museum Neg. No. 48172.) 

Fig. 6. Higher magnification of left edge of granule in Fig. 5, showing crj’Stal- 
line deposit in greater detail. The zone between this and the cellular exu- 
date is a mycelial mass. Hematoxylin and eosin stain. X 515. (-Army 
Medical Aluseum Neg. No. 48171.) 
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EXTRAGENITAL CHORIONEPITHELIOMA IN A MALE * 


A. R. Kantrowitz, M.D. 

Moses HEiNEitAK Fellow in Pathology 

(JFrom the Laboratories of the Mount Sinai Hospital, New York City) 

The existence of a primary extragenital chorionepithelioma in the 
male has been questioned by Piym and by Obemdorfer in their re- 
cent writings. Both declare that extragenital chorionepithelioma in 
the male, when present, is always consequent upon a primary tumor 
in the testis. The case here reported, however, appears to fulfill all 
the requirements necessary to establish the primary extragenital 
origin of such a tumor. 


Report of Case 

Clinical History: No. 7813. B. L., a reporter, aged 22 years, was admitted to 
the medical service of the Mount Sinai Hospital with a harassing cough pro- 
ductive of thick mucoid sputum for 15 months. A postnasal drip was present 
at the onset. A tonsillectomy had been done with no symptomatic relief. For 
13 months the cough became progressively worse and the sputum increased in 
amount. Two months ago the sputum became blood-streaked and pain ap- 
peared in the lower anterior chest. Two weeks prior to his admission to the 
hospital he awoke feeling chilly. He coughed up blood which, he was certain, 
came from his lungs. An obstinate anorexia, nausea and vomiting occurred with 
attempts to eat. A progressive dyspnea and orthopnea appeared. He lost 25 
pounds in weight in the 2 weeks. Hi^ temperature rose slightly i day before 
admission. 

Physical examination revealed a young man, well nourished, cyanotic and 
dyspneic (respirations 40). Attacks of hacking cough and vomiting were precip- 
itated by movements in bed. There was a slight right exophthalmos. There 
was no tracheal deviation or fixation. The veins of the neck were engorged. 
The thyroid was normally palpable. The chest showed moderate emphysema; 
There was slight dullness and diminished fremitus throughout. There were oc- 
casional inspiratory crepitant rales present at the angle of the right scapula and 
anteriorly below the nipple. The heart was negative. Irregularly distributed 
tenderness was present throughout the entire abdomen. The right testis was 
small and firm; the left was slightly larger. The prostate was eiilarged, but not 
tender or firm. There were irregularly distributed sites of tenderness over the 
sternum, right lower costal margin extending upward to the nipple, and both 
humeri. 

* Received for publication January 8, 1934- 
Presented at the New York Pathological Society October 8, 1931. 

S3I 
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Clinical Diagnosis: Metastases to lungs and bones from a primary malignant 
tumor in the prostate or nasopharynx. 

Laboralory Data: Blood pressure 1 12/70. Blood count: hemoglobin 72 per 
cent, white blood corpuscles 23,000, polymorphonuclear leukocytes 91 per 
cent. Sputum negative for tubercle bacilli. Urine negative. Blood Was- 
sermann negative. Urea nitrogen 15 mg. per 100 cc., calcium 8.1 rog. per 
100 cc., phosphorus 4 mg. per 100 cc. Roentgenograms of the skull and femur 
showed no evidence of metastases; the chest showed the lungs to be closely 
studded with metastatic newgrowths which varied in size from 0.5 to sev- 
eral cm. 

The patient became progressively worse and died 5 days after admission. 


Autopsy Report 

Autopsy performed 12 hours postmortem. The body is that of a 
white male, 22 years of age, in complete rigor mortis, rather heavily 
built and well nourished. He has a moustache and a normal male 
distribution of facial, pectoral and pubic hair. The genitals are 
those of the normal adult male. The breasts are not enlarged. 
Bloody froth exudes from the mouth. No clubbing of the fingers is 
seen. The head and neck seem moderately swollen. 

Abdopien: The panniculus adiposus is of normal thickness. The 
peritoneum is smooth and glistening and contains no excess of fluid. 
The situs viscerum is normal. The diaphragm reaches to the fifth 
rib on the right side and to the fifth interspace on the left. 

Chest: No fluid or adhesions are found in the pleural spaces. Both 
lungs are crowded with large, firm, circumscribed nodules, varying 
in size from 0.5 to 3 cm. in diameter, with the majority about 2 cm. 
(Fig. 1) . Those near the surface bulge outward, the intervening lung 
being depressed. Some show slight umbilications. Even throughout 
the pleura hemorrhagic spots are seen in some of the nodules. On 
section the nodules extending throughout the depth of both lungs 
are seen to be sharply circumscribed in the deeply congested and 
fleshy lung tissue. The cut nodules shov.^ an irregular mottling of 
grayish pink tissue with intervening vacuolated areas containing 
fluid blood. The larger branches of the pulmonary artery are normal. 
The trachea and bronchi contain bloody froth. 

In the superior mediastinum (Fig. i), just superior to the heart, 
an irregularly rounded mass of firm tissue 8 by 5 by 4 cm* is seen. 
The long axis is parallel to the trachea. Although adherent to the 
adjacent structures (pleural pericardium and vessels), it may be 
partly separated imtil it is revealed as lying between the superior 
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vena cava on the right, trachea and aorta posteriorly and the peri- 
cardium inferiorly. The two flaps of thymic fat adhere to the su- 
perior surface of the mass. There does not appear to be invasion of 
the adjoining structures by the tumor. Sections of the mass reveal 
an irregularly trabeculated surface similar to the cut surface of the 
pulmonary nodules. Small lakes of fluid hemorrhage are seen 
throughout the supporting trabeculations, which are gra3dsh pink. 
Scattered throughout the mass are small circumscribed nodules of 
var3dng size. In the lower pole one of these nodules reaches the size 
of a pea and is distinctly circumscribed. It is grajdsh yeUow in color 
and much firmer in consistence than the remainder of the tumor 
mass. Areas of necrosis and fibrosis are seen. At the inferior pole 
the hemorrhagic and necrotic tissue is replaced by firm white tissue 
with cyst-like spaces varying in diameter from 0.5 to 2 mm. This 
almost occludes the superior vena cava and grows upward into the 
left innominate vein. 

Heart: The pericardium contains no excess of fluid. The superior 
portion of the parietal pericardium is reddish and slightly roughened 
where its external surface is adherent to the tumor mass. The sub- 
epicardial fat is normal in amount and distribution. The right ven- 
tricle is moderately dilated and hypertrophied. The columnae 
carneae and papillary muscles are prominent. The endocardium and 
valves are normal. The myocardium is firm and grayish red. The 
coronary arteries and their orifices are patent. The aorta is elastic 
and contains no plaques. The pulmonary arteries show a few inthnal 
thickenings. 

Liver: Weight 2020 gm. It is smooth and of normal consistence. 
The central lobular areas show a deep brownish red color. No 
metastases are found. 

Pancreas: Normal. 

Spleen: Weight 275 gm. The cut surface shows a deep red pulp 
in which the foUicles are large and prominent. 

Genito-Urinary Tract: Both kidneys together weigh 325 gm. 
They present a normal appearance. The pelves, ureters, bladder 
and prostate are normal. The testes are slightly smaller than normal. 
The epididymis and testes contain no nodular enlargements or areas 
of hemorrhage. The rete and vas deferens are grossly negative, pre- 
senting no tumors or areas of hemorrhage. The seminal vesicles 
show no abnormahty. 
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Adrenals: Normal. 

Gaslro-Iniestmal Tract: Normal. 

Bone Marrow: Normal. 

Biological Examination 

Twelve hours postmortem: 

Urine: A positive Aschheim-Zondek test was obtained in four 
mice with quantities of urine varying from 1.5 to 2.4 cc. 

Tumor Tissue {JLung Melastases): Ether extract for the female 
sex hormone (Frank) was negative with 20 gm. of tissue. 

Alcohol extract for the anterior pituitary hormone with i cc. 
equivalent to 9.5 gm. of tumor tissue: two mice gave positive results 
with 1.2 cc., one was negative with 0.5 cc. 


Microscopic ExAjaNATioN 

Tumor Mass: In its inferior portion many t5q)es of epithelial 
structures are seen. They vary from solid nests of undifferentiated 
epithelial cells to cyst-like spaces lined by squamous epithelium. 
There are gland-hke structures with low cuboidal, high columnar, 
and pseudostratified epithelium. Occasionally the high columnar 
epithelium is ciliated (Fig. 2). 

The remainder of the tumor mass is almost entirely necrotic. At 
the periphery of the necrotic areas cell masses with deeply staining 
acidophilic cytoplasm appear in syncytial arrangement. The nuclei 
are irregular in form and are hyperchromatic. The cytoplasm ap- 
pears in masses, elongated strands and ramifying networks. Iso- 
lated cells and multinucleated giant cells are also seen, especially in 
the necrotic areas. Plaques of cells with definite boundaries and 
vacuolated dust-like cytoplasm are present. Their nuclei are vesicu- 
lar, and have a definite nuclear membrane with one or more coarse 
chromatin clumps (Fig. 3), The proportions of the two types vary; 
frequently the plaques of cells are completely surroimded by the 
S3mcytiaUy arranged acidophilic cytoplasm. The plaques of cells are 
identical with the Langhans cells seen in the uterine and in the tes- 
ticular chorionepithelioma. The syncytial cytoplasm appears to be 
more hardy since it occurs alone in the midst of necrotic areas. That 
these are not advancing cytoplasmic columns may be surmised from 
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the presence of degenerating and degenerated cell plaques. Occa- 
sionally cilia-like projections are seen on the S3mcytial cytoplasm. 
Both types of cells are seen in the small veins, occasionally even 
where the wall has been destroyed and a small thrombus occludes 
the vessels. Calcific foci are seen in the necrotic areas. Glycogen 
stains give negative results (tissue fixed 12 hours after death). 

Thymus: Shows normal structures with increased amount of fat 
in the trabeculae. Occasional veins in the fat and connective tissue 
show S5mcytial cytoplasm similar to that seen in the masses. 

Lungs: The nodules in the lungs show complete central necrosis 
surrounded by alternating areas of necrosis and hemorrhage. 
Around this zone is another with hemorrhage, necrosis and bands of 
acidophilic cytoplasm with hyperchromatic nuclei in single cell and 
syncytial arrangement. External to this there are plaques of cells 
with definite cefi boimdaries, vacuolated or dust-like cytoplasm and 
round or oval vesicular nuclei with sharp nuclear membranes and 
one or more coarse chromatin clumps. Mitoses are seen. Covering 
these plaques, identical with the Langhans cells of the primary mass, 
are the S3mcytial masses of acidophilic cytoplasm with hyperchro- 
matic, irregularly shaped nuclei. Mitotic figures are frequent. Oc- 
casionally, under oil immersion magnification, cilia-like projections 
are seen on the S3mcytial cytoplasm. The picture is identical with 
the t3q)ical chorionepithelioma of Marchand. The boundaries of 
zones are not rigid but merge indefinitely with each other. In none 
of many lung sections are teratomatous elements present. 

Zones of compressed lung tissue surround the nodules. The pul- 
monary arteries contain syncytial masses of cytoplasm. Alveoli filled 
with fibrin, polymorphonuclear leukocytes and pigment-laden phag- 
ocytes are seen, with occasional polymorphonuclear leukocytes and 
fibrin-filled bronchi. 

Lymph Nodes: Neither the thoracic nor the retroperitoneal nodes 
show tumor metastases. There is sinus endothelial hjqjerplasia with 
marked erythrophagocytosis. 

Testes: Both testes were cut in 2 mm. blocks and embedded. The 
entire testes were thus cut. Slides were cut from each block. No 
tumor nodules or scars were found. A marked h)q)erplasia and 
hypertrophy of the Leydig cells is present throughout both testes 
(Fig. 4). There are nodules of interstitial cells which reach 500 
microns in diameter. The tubides show spermatogenesis. Numerous 
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atrophic tubules are present. Within their lumens are bodies with 
concentric rings of calcification. The rete and epididymis show no 
changes. 

Prostak and Seminal Vesicles: Sections through the prostate show 
adenomatous hyperplasia with papillary proliferations in the lumen. 
There are no tumor nodules. 

Liver: The central lobular areas show congestion with atrophy of 
the liver cell cords. 

Spleen: The follicles are normal. There is slightly increased cel- 
lular! ty of the pulp with increase in the polymorphonuclear cells. 
The sinuses and pulp spaces contain much blood. The sinus walls 
are prominent, the intersinusoidal spaces are widened and the cyto- 
plasmic reticulum is conspicuous. 

Kidneys: Marked congestion of the cortex and medulla is present. 

Pancreas, Adrenals, Thyroid: No changes are seen. 

Breast: Tissue taken from immediately beneath the right nipple 
shows only fat and connective tissues with nerves and blood vessels. 
No glandular structures are seen. 

Discussion 

Cases of extragenital chorionepithelioma in males have been pub- 
hshed by Bostroem in 1902, Ritchie in 1903, Askanazy in 1906, 
Bonney in 1907, Fischer in 1908, Nakayama in 1910, Weber in 1918, 
Lambert and Knox in 1920, Miller and Browne in 1922, Krassnian- 
skayain 1929, Schultzein 1930, Arendtin 1931, and Heaney in 1933. 
A critical examination of their protocols suggests the possibility that 
a primary origin from the testicle may have been overlooked in a 
number of instances. 

Bostroem himself now doubts the interpretation originally pub- 
lished for his case of intracranial chorionepithelioma, since he be- 
lieves an incomplete examination of the testicles was made. 

Askanazy’s case of pineal teratoma had no testicular examination. 

Frank’s Case HI, with a mediastinal mass, had no testicular 
examination. There was also an incomplete examination of the medi- 
astinal tumor, since only necrotic tissue was found. 

The omental tumor and its metastases in the case described by 
Bonney showed only chorionepitheliomatous tissue. The testicles 
were incised and found negative grossly. This observation was not 
controlled by histological examination. 
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Fischer found a retroperitoneal tumor in a male with an absent 
right testis. He was probably dealing with an abdominal testicle 
with chorionepitheliomatous neoplasia. 

Nakayama observed a patient with a retroperitoneal chorionepi- 
thelioma demonstrated at the operating table. There was no exami- 
nation of the testes. 

Weber’s patient had a retroperitoneal tumor with liver and lung 
metastases. Portions of organs were sent to the author for examina- 
tion. The lumbar lymph glands made up the mass. No teratoma- 
tous elements were noted. One should hesitate to accept the 
conclusions drawn by the author since he was the recipient of in- 
complete postmortem material. 

Schultze considered a nodule in the right testicle to be a metas- 
tasis from a primary retroperitoneal tumor, an obviously incorrect 
interpretation. 

The statistics of Greihng compiled from a study of 220 cases of 
mahgnant tumors of the testicle with metastases show retroperi- 
toneal involvement in 100 per cent of the cases. Such figures justify 
one in doubting the validity of the reported cases of primary retro- 
peritoneal chorionepithelioma with no or incomplete testicular 
examinations. The fact that brain metastases occur in 5.9 per cent 
of the cases also throws doubts on the reports of cerebral chorionepi- 
thehomas without testicular examinations. These considerations 
lead me to a critical review of the remaining 6 cases. 

In the cases of Ritchie and of Lambert and Knox there were 
present tumors containing teratoid and chorionepitheliomatous ele- 
ments. In both cases the tumors were situated in the anterior medi- 
astimun (a location not mentioned by Greiling in any of the 220 
cases with metastases) . This similarity to the tumor here reported 
would suggest the possibility that there were cases of primary extra- 
genital chorionepithelioma in males, were it not for the absence of 
testicular examinations. In this connection the experiences of Prym 
and Ewing make one hesitant in accepting cases of this type. The 
former, in 1927, described a case of chorionepitheliomatous metas- 
tases from a small tumor of the right testis which had healed spon- 
taneously. Microscopic examination of the testicularnodule revealed 
only elastic and connective tissue fibers. The common experience 
with spontaneous regression of female chorionepitheliomas should 
lead one to accept Prym’s interpretation. Ewing has seen “a. medi- 
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astinal teratoma secondary to a small testicular growth which 
escaped several examinations during life.” He writes further: 
‘‘Some reported abdominal and thoracic teratomas may possibly 
represent metastatic growths from minute teratomas of the ovary 
or testis.” 

Miller and Browne in 1922 reported a retroperitoneal chorion- 
epithelioma in a male. Microscopically the tumor was a typical 
chorionepithelioma. Both testicles were found to be normal after 
careful examination. There were metastases in the retroperitoneal 
lymph nodes and liver. 

Krassnianskaya in 1929 reported a primary tumor at the hilum of 
the left lung. There were generalized metastases in the spleen, kid- 
neys, retroperitoneal lymph nodes, adrenal glands and brain. The 
prostate was small but normal. Both testicles were in the scrotum. 
Very thin sections of both testicles and epididymi showed no changes, 
grossly or microscopically. The tumor and its metastases showed the 
characteristic picture of the chorionepithelioma. The primary 
tumor and its metastases showed no evidence of a teratoma. On 
this basis Krassnianskaya believes that he has observed a pure 
chorionepithelioma in an extragenital location in a male. He at- 
tempts to divide the extragenital chorionepithelioma into two types: 
those that are pure and those that contain teratomatous elements. 
This classification I believe to be fallacious in view of the difficulty 
in determining the previous presence or absence of teratomatous 
elements. The experiences with chorionepithelioma of the testicle 
demonstrate how readily the components of a teratoma may be de- 
stroyed by the invading chorionepitheliomatous elements. 

Arendt, in 1931, described a mediastinal teratoma with chorion- 
epitheliomatous metastases in the limgs and liver. His patient was 
20 years of age and had complained of bloody sputiun 2 months be- 
fore admission. G3mecomastia was present. On physical examina- 
tion the testicles were hard and about 2 by cm. in diameter. At 
autopsy a tumor about 3 cm. in diameter was found in the anterior 
mediastinum. It extended into the left lung and pericardial sac. 
Grossly the tumor resembled a chorionepithelioma. Both testicles 
were grossly atrophic. Microscopically the testes showed an atrophy 
of the tubular elements with a marked proliferation of Leydig cells. 
There were no biological tests performed. The presence of a medi- 
astinal tumor with chorionepitheliomatous metastases in the lungs 
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and liver with negative testes (grossly and microscopically) appears 
to answer the strictest criteria for the presence of primary extra- 
genital chorionepithelioma in a male. 

Heaney in 1933 observed a male, aged 40 years, with a large retro- 
peritoneal tumor. The patient died subsequent to an operation for 
the removal of the mass. The anatomical diagnosis was that of 
primary retroperitoneal chorionepithelioma probably derived from 
the urogenital anlage. The inferior vena cava and left renal vein 
were filled with tumor tissue. There were metastases in the lungs. 
The right testicle was atrophic. Microscopically the tumor closely 
resembled a typical chorionepithelioma. There were no teratoma- 
tous elements present. The left testicle showed a hyperplasia of the 
interstitial cells. An area of new hemorrhage, blood pigment and 
fibrin was found. This is interpreted by the author as probably the 
result of an old trauma. No evidence of tumor tissue was found. 
There was no retroperitoneal lymph node involvement. The author 
was fully aware of Prym’s stand and states that ‘‘testicular involve- 
ment has been excluded with certainty in this case.” 

In summary it appears that the cases of MiUer and Browne, 
Krassnianskaya, Arendt and Heaney appear to fulfill the criteria 
necessary for the diagnosis of a primary extragenital chorionepi- 
thelioma in a male. 

The case here reported belongs in a similar category. The pres- 
ence of a teratomatous tumor in the mediastinum with metastases 
to the limgs and the absence of tumor, active or healed, after careful 
macroscopic or microscopic examination of the genital tract, includ- 
ing the prostate, seminal vesicles, vas deferens and testes, should be 
sufficient to justify this conclusion, especially when one considers 
that both testes have been cut and blocked in their entirety in 
2 mm. sections. Furthermore, the absence of metastatic chorion- 
epithelioma below the diaphragm, grossly and microscopically, 
also the absence of thoracic and retroperitoneal lymph node involve- 
ment speak against the presence of a focus other than the anterior 
mediastimun. Additional support to this view is furnished by the 
observations of Smith, who has collected 147 cases of mediastinal 
dermoid cysts and teratomata with 12 showing malignant neoplastic 
growth. Thus one can see no reason, on theoretical grounds, why a 
mediastinal teratoma cannot have chorionepitheliomatous elements. 
The microscopic examination of the primary tmnor and the pul- 
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monary metastases shows a structure identical with the typical 
chorionepithelioma of Marchand. The acidophilic S3mcytium, the 
plaques of Langhans cells, the hemorrhagic character, and the areas 
of necrosis all indicate that it is identical with the Marchand chori- 
onepithelioma. The microscopic picture coincides, too, wth the 
descriptions of testicular chorionepithelioma by Wlassow, Risel and 
Schlagenhaufer. 

Biologically the case presented is similar to the uterine and testicu- 
lar chorionepitheliomas. The tissue extracts and urine gave positive 
Aschheim-Zondek tests. The female sex hormone test of Frank was 
negative. Increasing numbers of positive Aschheim-Zondek tests 
in testicular chorionepithelioma have been reported. Heidrich, 
Zondek, Kriss, Hady, Ehrhardt and Frank report positive results. 
Ferguson reports positive Reaction I (prolan A) tests with testicular 
teratoma and the embryonal carcinomas of the testis (seminoma of 
Chevassu). Thus far one may agree with Heidrich, Fels and 
Mathias that certain neoplasms of the testis cause the excretion of 
a hormone whose presence in the urine and, one may add, in tumor 
tissue extracts, can be detected readily by biological means. The 
positive results reported with certain genital and extragenital malig- 
nant growths are not the Reactions H and HI of Zondek, but merely 
Reaction I. The latter result may be obtained with rapidly pro- 
liferating tumors, in diminished genital function at the beginning of 
the menopause and in certain types of amenorrhea. It consists of 
cystic enlargement of the ovaries in immature rodents usually com- 
bined with oestrus production and follicle growth. It is not indica- 
tive of pregnancy. Reactions H and III show hemorrhagic follicles 
(blood points) and corpus luteum formation, respectively. Teratoma 
testis with chorionepithelioma and the embryonal carcinoma of the 
testis give Reactions H and IH. Reaction I (prolan A) is found in 
conjunction with too many conditions to be of aid in the diagnosis 
of testicular tumors, although its importance in the determination 
of the extent of the disease and the effect of treatment for teratoma 
testis is amply demonstrated by Ferguson. 

An interesting observation is that of the marked hypertrophy and 
hyperplasia of the interstitial cells of the testes. This was marked 
throughout the testes, resulting in diffuse strands and nodules up to 
500 microns in diameter. Arendt and Heaney also report a marked 
proliferation of Leydig cells with almost tumor-like growths. Wlas- 
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SOW, Risel, Dillman and Hedinger have also observed the marked 
proliferation of the Leydig cells in testicular chorionepithelioma. 
The occurrence has been noted in other conditions but its signifi- 
cance remains unknown. 

Gynecomastia has been reported with teratogenous chorionepi- 
thelioma. It was not present in this case. 

Summary aito Conclusions 

A case report with autopsy findings in a male aged 22 years with 
a primary teratoma of the anterior mediastinum containing chorion- 
epitheliomatous elements is presented. The tumor invaded the 
superior vena cava, studding both lungs with chorionepitheliomatous 
nodules. 

Careful gross examination revealed no metastases in the other 
organs or lymph nodes. The genital tract (testes, vas deferens, 
seminal vesicles and prostate) showed no tumor nodules. The 
testicles were sectioned in 2 mm. blocks and slides were made from 
each block. Examination revealed no tumor nodules. 

Microscopic examination of the tumor revealed teratomatous and 
chorionepitheliomatous elements. Only chorionepithelioma was 
found in the pulmonary metastases. The testes showed no neo- 
plastic elements. Marked interstitial cell h 37 perplasia of the testes 
was seen. 

These observations refute the contention of Prym and Obern- 
dorfer, the latter writing ‘Mass beim Mann das Chorionepitheliom 
immer mit Keimdrusengeschwiilsten in Zusammenhang stehen 
muss.” 

The Aschheim-Zondek test was positive in both the urine and 
tumor tissue extracts. 
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DESCRIPTION OF PLATES 

Plate 130 

Fig. I. Tumor mass in the superior mediastinum with erosion into the left in- 
nominate vein. Lungs rath metastatic nodules. 

Fig. 2. Teratomatous structures in the inferior pole of the mass. 
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Plate 13 i 

Fig. 3. Plaques of Langhans cells with syncj’tial cytoplasm, from the upper 
pole of the mass, representing elements of typical chorionepithelioma. 

Fig. 4. Hyperplasia and hypertrophy of the interstitial cells of the testis. 
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MULTIPLE HEMANGIOBLASTOMAS OF THE SPINAL CORD WITH 

SYRINGOMYELIA * 

A CASE OF LINDAU’S DISEASE 

Abner Wolf, M.D., and Sigmund L. Wilens, M.D. 

{From the Departments of Pathology and Neurology, College of Physicians and Surgeons, 
Columbia University, New York, N. F.) 

In 1926 Lindau described a syndrome whose chief feature was an 
angiomatosis of the central nervous system. Brandt and Berbhnger 
had previously noted this disease entity but had failed to describe 
it thoroughly or to emphasize its distinctness. In this condition 
cystic or solid hemangioblastomas of the cerebellum, brain stem or 
spinal cord, single or multiple, were found associated with angio- 
matosis of the retinae (von HippeFs disease) and concomitant 
malformations or tiunors in the somatic organs. The latter were 
described as cystic pancreas, cystic kidneys, cysts of the liver, hyper- 
nephromas and adenomas of the kidneys and adrenals, and caver- 
nomas of the hver. Lindau described 15 cases in all. Ten were col- 
lected from the hterature and had been variously described and 
classified. Five were cases of his own. He showed that there was a 
distinct familial incidence of the disease and that the average age of 
onset of symptoms was about 30 years. In 4 of the 1 5 cases hemangio- 
blastomas of the cord were present (Wersilow, Brandt, Tannenberg 
and Koch). In all 4 the cord tumors were multiple and in 3 were 
associated with lesions outside the nervous system, of the type de- 
scribed above (Brandt, Tannenberg and Koch). In only i case was 
there an associated syringomyeha of the cord (Tannenberg). Since 
Lindau’s report 4 more cases of hemangioblastoma of the spinal cord 
have been described (Guillain et ah, Schuback, Kemohan ei ah, and 
RusseU) . Two presented lesions characteristic of Lindau ’s syndrome 
(Schuback, and Kemohan et ah). There are thus only 3 cases of 
Lindau’s disease in the literature to date in which hemangioblas- 
tomas of the cord were associated with syringomyelia. The following 
is the report of a 4th case. 

* Received for publication April 5, 1934. 
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Report of Case 

Clinical History: E. W., (P. H, No, 312177), male, 33 years of age, v?as ad- 
mitted to the Presbyterian Hospital complaining of numbness in the arms and 
legs and griping pains in the abdomen. 

His father had died of brain tumor at the age of 36 and his mother of “spinal 
meningitis" at 28 years of age. A tvrin brother and sister had died at birth. 

Twelve years prior to his present illness the patient struck his head while 
diving and was unconscious for a short time. Detachment of the right retina 
occurred and he underw^ent ri\’elve operations until the right eye was finally 
enucleated 6 years prior to the present illness. Two j^ears later detachment of 
the left retina occurred and that eye was enucleated. This was unassociated 
with further trauma. 

During the year before admission the patient developed slight unsteadiness 
on his feet with a tendency to fall to the right, and tremor of the hands on per- 
forming skilled acts. Constipation, which had been present for years, grev; in- 
creasingly severe. There were recurrent attacks of vertigo. Numbness of the 
right arm and leg and of the left foot developed 5 months before admission. 
Severe griping and stabbing pains occurred, starting at the umbilicus and radi- 
ating to the flanks, accompanied by a compressive girdle sensation. He grev/ 
progressively weaker, losing 13 pounds in the last few weeks before his entry to 
the hospital. 

On admission he was quite weak, and gait and station could not be tested. All 
the coordination tests were inconclusive for the same reason. There was great 
weakness of all the muscles of the four extremities, more marked on the right 
side. Hyperreflexia was found in the left upper and both lower extremities with 
increased musoilar tone. The upper abdominal reflexes were diminished and 
the lower abolished. The Babinski test was positive on the right and question- 
able on the left. The interossei muscles of the right hand, all the muscles of the 
right forearm, the right biceps, triceps, supra- and infraspinati and posterior 
portion of the deltoid muscles showed a well marked atrophy. On the left 
there was moderate atrophy of the interossei and slight atrophy of the forearm 
muscles and supra- and infraspinati. Direct muscular irritability vfss defimtely 
increased in the atrophic muscles. 

Vibratory sensibility was slightly impaired below the patellae in both lower 
extremities. The sense of position was slightly diminished in the toes. Percep- 
tion of pain and temperature w'as completely lost from the eighth thoracic seg- 
ment up to the fourth cervical on each side. It was considerably diminished up 
to the first cervical segment on the right and third cervical on the left, and 
moderately di mini shed down to about the first lumbar segment. Touch was 
only slightly impaired, if at all. There was difficulty in swallowing, which had 
developed recently, and questionable fibrillations of the tongue. 

The spinal fluid pressure was 150 mm. Compression of the jugulars caused a 
rise to 190 mm. with a slow fall. Coughing brought the pressure to 240 mm. and 
straining to 300 with a very gradual drop. The fluid was xanthochromic, showed 
a 2 plus globulin, contained 5 cells and gave a 4 plus Wassermatm test. The 
colloidal gold test resulted as foUov/s: 111112210. The blood Wassennann was 
negative. 

^ The picture that the patient presented was thus typical of intramedullary 
disease of the spinal cord. The course seemed rapid for syringomyelia. The 



MULTIPLE HEMANGIOBLASTOMAS OF SPINAL COED 


547 


diagnosis of medullary tumor was considered, but the positive spinal fluid 
Wassermann made it seem more probable that a gumma was present or that 
there was luetic thrombosis of the spinal arteries. 

The patient developed an intractable hiccoughing a few days before death, 
and finally succumbed to a terminal bronchopneumonia. 

Gross Autopsy Findings 

Brain: The dura was somewhat tense, smooth and glistening 
throughout, and the dural sinuses were patent. The cerebral hemi- 
spheres were symmetrical. There was mild generalized flattening of 
the gyri and narrowing of the sulci. The pia was thin and translucent 
throughout. On section a mild dilatation of the lateral ventricles 
was noted. No lesions of the parenchyma were found. 

The cerebellum appeared negative externally. On section a small, 
oval, smooth-walled cyst containing gelatinous yellowish fluid and 
measuring 17 by 10 by 5 mm. was found in the posterior portion of 
the central white matter of the lower half of the left cerebellar hemi- 
sphere. In the floor of the cyst a small mural nodule was found. 
It was soft, yellowish brown, had a rather smooth surface and 
measured 5 by 3 by 2 mm. 

The greater portion of the brain stem appeared normal externally. 
The lower portion of the medulla from about the middle of the in- 
ferior olives downward was considerably increased in size, its di- 
ameters being almost twice the normal. The increase was greatest 
where the stem joined the cervical cord. The pia over the base of the 
stem was slightly clouded. A mild dilatation of the aqueduct of 
Sylvius and anterior portion of the fourth ventricle was noted on 
section. In the lower half of the dorsal portion of the medulla a 
ragged oval cavity was found containing clear yellowish fluid and 
measuring 4 by 11 mm. in cross-section at the jimction of medulla 
and cord. It ended in the first cervical segment and its total length 
was 14 mm. About it was a narrow band of gra3dsh translucent 
tissue varying in width from 0.5 to i mm. Most of the structures in 
this portion of the medulla were not identifiable grossly and the 
tissue had a grayish white, scarred appearance. 

Spinal Cord: The pia was clear but the pial vessels were quite 
hyperemic. The cervical cord was considerably enlarged and this 
was most marked in the first four segments. Here it measured ap- 
proximately 24 mm. transversely and 13 mm. anteroposteriorly. On 
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the dorsal surface of the second and third cervical segments to the 
left of the midline a flat, yellowish, soft tumor mass measuring 
6 by 5 by 3 mm. was found (Fig. i). Its margins were fairly sharp 
and it extended down into the posterior columns on the left side to 
within a short distance of the central canal. The white and gray 
matter at its margins was edematous, somewhat yellowish and 
softened. The outlines of the gray matter were indistinct at this 
level. Both gray and white matter had either a yellow or grayish 
white tinge and seemed edematous. Small zones of softening with- 
out cavitation were foimd in the posterior horns and occasionally in 
the anterior at the level of the tumor and above it up to the medul- 
lary cavity, which was described above as ending in the first cervical 
segment. In the fourth and fifth cervical segments single and multi- 
loculated cavities were found involving the dorsal columns and pos- 
terior horns and lying dorsal to the central canal (Fig. 4). These 
were of the same character as the larger cavity in the medulla. They 
grew less extensive and numerous in the succeeding lower segments 
and ended in the second thoracic segment. The demarcation be- 
tween white and gray matter became increasingly distinct and the 
cord grew less edematous. The rest of the thoracic cord looked some- 
what irregular in caliber, but was of normal consistence. There was 
slight brownish discoloration of the posterior columns in the lower 
thoracic segments with petechial hemorrhages and small softened 
zones in the gray matter, particularly the posterior horns. In the 
tenth thoracic segment a small, grayish, granular tumor nodule 
2 mm. in diameter was found in the right posterior horn (Fig. 2). 
At this level again there was edema and lack of clarity of the margins 
of the gray matter. In the next segment below this multiple central 
cavitations reappeared and gave place to a single large cavity in the 
first lumbar segment. This latter involved portions of the gray 
horns on the right, as well as parts of the white colimms. It ended 
in the fourth lumbar segment and was 6 by 4 mm. at its widest 
point (Fig. 3). The walls of these lumbar cavities were wider, firmer, 
paler and more fibrous than that of the medullary cavity and varied 
in width from 1.5 to 2 mm. Their contents were the same as that of 
the bidbar cavity. Throughout this zone and for a short distance 
below it the gray and white matter had no very clear outlines. On 
the dorsal surface of the cauda equina and attached loosely to the 
fourth and fifth lumbar roots on the left was a small, yellowish, en- 
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capsulated tumor nodule measuring 4 mm. in diameter and resem- 
bling grossly the tumor in the cervical region. 

Left Adrenal: The left adrenal was enlarged and almost spherical 
in shape, weighing 60 gm. On section a large, roughly spherical, 
moderately firm tumor, measuring 4.5 by 4 by 4 cm. was found 
within the gland. It was variegated in color, ranging from pinJdsh 
gray to yellowish brown, and was studded with many thin-walled 
blood vessels. It appeared to have arisen in the medulla and to have 
displaced the cortical tissue at its margins, so that only a thin rim of 
cortex intervened between the periphery of the tumor and the 
slightly thickened adrenal capsule. At either pole the normal adrenal 
tissue was better preserved. At the lower pole two smaller oval- 
shaped masses measuring i and 1.5 cm. in diameter, respectively, 
similar in all respects to the larger mass, were found. The right 
adrenal showed no abnormalities. A paraortic lymph node in the 
region of the left adrenal contained two small, irregular yellowish 
zones in its substance. 

Kidneys: The kidneys were normal in size and appearance save 
for the presence of several tumor nodules. The largest of these 
measured 2 by 1.5 by i cm. and was situated on the posterior aspect 
of the right kidney near the hilum. Externally it appeared as a firm, 
gra3dsh white mass embedded in the cortical surface. The cortical 
tissue at the margins of the mass was somewhat depressed and 
scarred. On section the mass was seen to be composed of an outer 
white fibrous shell measuring 2 mm. in diameter, and a central core 
made up of reddish and yellowish softer tissue in which a few small 
cystic spaces i to 2 mm. in diameter were present. The nodule ex- 
tended into the meduUa to a slight extent. 

Beneath a small pit-like depression on the lateral aspect of the 
left kidney a small, firm, grayish white nodule measuring 3 mm. in 
diameter was seen. This contained two small, reddish foci. It re- 
sembled the larger nodule in the right kidney somewhat. A third 
nodule i cm. in diameter bulged above the cortical surface near the 
upper pole. It was composed of soft, grayish brown tissue, was en- 
capsulated and contained several tiny cysts. 

Pancreas: The pancreas was normal in size and shape. Several 
small, thin-walled cysts filled with clear fluid and situated close to- 
gether were found in the body of the organ. The largest measured 
3 mm. in diameter. The pancreatic duct was of normal caliber. 



550 


WOLF AND WIDENS 


There was an anatomically patent foramen ovale. The liver con- 
tained no cysts nor did it show any other abnormalities. 

In addition to the above findings there were bilateral lobular 
pneumonia, acute fibrinous pleurisy, and an acute splenic tumor. 

Microscopic Exaiunation 

Tumor in Upper Ccroical Cord: On the dorsal side of the cord, to 
the left of the midline, a highly vascular, moderately cellular tumor 
mass is found displacing a good portion of the posterior columns and 
distorting the cord considerably. It is fairly well demarcated. The 
predominant elements in its structure are blood vessels, capillary in 
type and fairly irregular in size and shape. Occasionally these lie 
approximated, but most frequently they are separated by one or 
more layers of intervening cells (Fig. 5) . Some larger vascular chan- 
nels are also present but their walls are composed of collagenous 
connective tissue with no evidence of arterial or venous structure. 
From these the surrounding capillaries are often found to radiate 
(Fig. g). The capillaries, as noted above, are quite irregular with 
much branching and outpocketing. They are lined by a single layer 
of endothelium. This varies from flat, elongated cells with oval, 
dark, concentrated nuclei, to full-bodied epithelioid-like cells with 
oval, vesicular nuclei. These frequently seem to merge intimately 
with the intervascular elements. There is no endothelial hyper- 
plasia, however, nor are any mitotic figures noted in the cells of the 
capillary walls. Their lumens are either empty or contain varying 
numbers of erythrocytes. In none of the vessels are any immature 
blood cells noted. The walls of the larger channels described above 
are at times quite thick and occasionally hyalinized. The cellular 
elements found between the vessels are chiefly large-bodied, po- 
lygonal and spherical with vacuolated, foamy cytoplasm (Fig. 7)- 
The nuclei are comparatively small, concentrated, often compressed 
at the periphery of the cell and so limate-shaped. In other cells again 
the nuclei are more centrally placed and angulated, presenting con- 
cave surfaces due to compression by the lipoid globules. Where 
these lipoid-laden cells are particularly abundant and most heavily 
vacuolated, the capillaries between them are compressed, though 
numerous, and at first glance seem to form only an insignificant 
portion of the picture (Fig. 8). The lipoid material in these cells is 
found to be a mixture of neutral fats and finer lipoids which stain 
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positively with Nile blue sulphate. Among these large-bodied cells 
are less obvious, elongated cells with oval, deeply staining nuclei. 
These cells appear to be endothelial in type and as noted above are 
occasionally seen to be intimately associated with the cells lining the 
capillaries. A few scattered, rounded cells, somewhat smaller than 
the vacuolated cells, are found to be multinucleated. Occasional 
small cysts filled with pink granular material are seen, as well as 
evidence of more generalized edema such as the separation of indi- 
vidual cells by similar material. 

There is an abundant reticular network throughout the tumor 
outlining the capillaries, bridging between them, and running to the 
collagenous walls of some of the larger channels (Fig. 9). The latter 
contain no elastic tissue or any smooth muscle cells. No nervous or 
glial elements are found in the growth. 

The tumor is apparently attached to, and growing into, the pia 
externally (Fig. i). Internally, although it has a definite margin, it 
has no capsule and numerous capillaries of the neoplasm extend 
beyond its general border into the surrounding nervous tissue. Di- 
rectly about the tumor the parenchyma is quite edematous and 
markedly degenerated and here there is considerable proliferation 
of microglia with the formation of compound granule cells. Beyond 
this zone of degeneration is an area in which there is hypertrophy 
and proliferation of astrocytes with multiplication of glia fibers. 
This zone is predominantly in the posterior columns and horns. The 
white matter of the lateral and anterior columns, especially the 
former, shows a considerable diffuse loss of myelin sheaths and 
axones with the presence of scattered compound granule cells. On 
the left side the anterior hom cells have almost aU disappeared while 
on the right a good number are preserved. 

Mural Nodule of Cerebellar Cyst: This growth also is quite vascu- 
lar. Its vessels in general appear more regular and many are con- 
siderably more dilated, although all appear to be capillary in type. 
In some zones these vessels lie closely approximated and are packed 
with erythrocytes. In the more cellular areas the intervascular ele- 
ments are predominantly polygonal, large-bodied or elongated nar- 
row cells with concentrated oval nuclei. None of the lipoid-contain- 
ing cells are seen here. There is considerable interstitial edema, as 
evidenced by the separation of the cells. The neoplasm, although 
fairly well circumscribed like the first lesion, shows the same minor 
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surface irregularity. The surrounding cerebellar tissue shows a mod- 
erate gliosis and some edema. 

The wall of the cyst is lined by a narrow band of glia fibers. The 
cerebellar parenchyma external to it shows some signs of compres- 
sion. 

Tumor Attached to Cauda Equina: This is similar in all respects to 
the neoplasm in the cervical cord. It is surrounded by a narrow, 
collagenous connective tissue capsule. 

Tumor in Thoracic Cord: This grov/th is somewhat more cellular 
than that in the cervical cord and correspondingly less vascular. Its 
vessels are all capillaries. The interstitial cells are only occasionally 
foamy. The majority are elongated or fusiform and have oval, 
deeply staining nuclei. The tumor is fairly small, well circumscribed 
and lies in the right posterior horn. Its margins are similar to those 
of the cervical lesion. About it there is a fairly wide zone of edema, 
mild degeneration and gliosis which includes most of the gray matter 
and the adjacent areas in the white colunms. 

Syringobulbia: Lower Medulla Near Junction with Cord: The pia 
is somewhat thickened and contains occasional lymphocytes. The 
stem is much increased in size and its architecture markedly dis- 
turbed. A large, roughly oval cavity with a number of narrow out- 
pocketings is foimd occupying the central portion of the dorsal half 
of the stem. It lies just ventral to the obliterated central canal which 
is represented by a double row of polygonal and irregularly cuboidal 
cells. Its w^aU is a dense mass of glia fibers, heavier internally and 
less concentrated externally. Only occasional glia nuclei can be 
found in the central layer, v/hereas externally a fair number of 
fibrous astrocytes are present. The glia fibers, for the most part, 
run parallel with the margin of the cavity. The external layer con- 
tains a moderate number of hyperemic capillaries and one arteriole 
shows a perivascular infiltration of lymphoqrtes. There is consider- 
able edema of the surrounding parenchyma with degeneration of 
ganglion cells, myelin sheaths and axones and scattered compound 
granule cells are present. A diffuse gliosis is observed in this zone. 
The external glial membrane is moderately thickened. 

Microscopically this syrinx is found to reach down to a point on a 
level mth the beginning of the tumor of the cervical cord. 

Syringomyelia: The cavities foimd beginning just below the intra- 
medullary cervical growth are microscopically similar in most re- 



MULTIPLE HEMANGIOBLASTOMAS OF SPINAL CORD 


553 


spects to those in the medulla. Their walls show a similar conforma- 
tion and the parenchyma about them shows varying degrees of the 
same edema, degeneration and gliosis. This is true also of the exten- 
sion of these ca^dties into the upper thoracic cord. In each case they 
do not seem to involve the central canal which is everywhere obht- 
erated and represented only by irregular masses of epend3mial cells, 
as in the lower medulla. 

The syringomyelic cavities appearing just below the thoracic 
tumor vary somewhat from the above. Their walls are considerably 
thicker. The inner layer is composed of a much looser, edematous 
mass of glia fibers in which no cells or even nuclei can be discerned. 
External to this is a wide band of densely woven gha fibers contain- 
ing scattered glia nuclei (Fig. 3). Outside this layer is an irregular 
zone of ghosis in which a fair nmnber of fibrous astrocytes can be 
discerned. The parenchyma about these cavities shows more gliosis 
and less edema than is seen about the cervical and upper thoracic 
cavities. 

• Tumors in Left Adrenal: The three neoplastic masses are identical 
in appearance. They are composed of large, irregularly polygonal 
cells with indistinct cell outlines and large, round or oval, pale 
staining vesicular nuclei. These nuclei are rather uniform in appear- 
ance and have several poorly defined nucleoli. No mitotic figures 
are seen. The cells are arranged in small cords and nests which some- 
times simulate alveoh. They are embedded in a rich vascular 
plexus, many small, freely anastomosing capillaries coursing about 
small groups of cells. In Zenker-fixed material the cytoplasm of the 
tumor cells is made up of finely granular, brown-staining matter, 
strongly resembling chromaffin. In formalin-fixed material this 
brown pigmentation is not seen. There are no areas of degeneration 
or necrosis in the tumor tissue although a few small hemorrhages and 
foci of small round cells are present. The tumor nodules are not en- 
capsulated but are sharply limited from the surrounding adrenal 
cortex. No fat is demonstrated by Sudan III stains. The Foot- 
Bielschowsky staining method reveals the presence of many fine 
reticuhn fibers about the nests of cells. 

Kidneys: The large white mass in the right kidney is composed of 
dense, avascular, pink-staining scar tissue containing a few scattered 
connective tissue nuclei, some large solid masses of calcium and 
several central cystic areas. The latter are not lined by epithelium, 
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but their walls are irregular and fibrous. They contain only a few 
extravasated erythrocytes. 

One of the small masses in the lejl kidney resembles the large mass 
in the right, being composed of dense fibrous tissue. It contains 
several small cysts lined by flattened epithelium. 

The second nodule in the left kidney is entirely different from the 
preceding two lesions. It is vascular and is composed of irregular 
cords of polygonal cells and tubular structures, many of which are 
filled with red blood cells (Fig, lo), A good number of the tubular 
structures are greatly distended and cystic. They are lined by a 
single layer of uniform cuboidal cells, A thin fibrous capsule sur- 
rounds most of the mass but in one area it is directly continuous 
with the adjacent renal cortex. In one part of the nodifle many 
elongated, cylindrical cells with vacuolated cytoplasm are present. 

Paraorlic Lymph Node: In this lymph node, taken from the region 
of the left adrenal, are found two small masses of polygonal cells ar- 
ranged in irregular cords (Fig. ii). These have foamy, lipoid-con- 
taining cytoplasm and round or oval, deeply staining nuclei. The 
cells strongly resemble normal adrenal cortical cells. No pigment is 
present in the cytoplasm of these cells. 

Pancreas: The cysts in the pancreas are lined by flattened epi- 
thehum and encircled by a narrow band of fibrous tissue (Fig. 12 ), 
They contain small amounts of pink-staining granular debris. The 
acini immediately adjacent to the cysts are compressed and atrophic. 

Summary of Autopsy Findings: Autopsy revealed a small cystic 
hemangioblastoma situated in the posterior portion of the central 
white matter of the right cerebellar lobe; a mild internal hydro- 
cephalus; three hemangioblastomas of the spinal cord; syringobulbia 
and S3rringomyelia; congenital cysts of the pancreas and kidneys; a 
benign hypernephroma of the left kidney; an adrenal rest in a retro- 
peritoneal lymph node; three paragangliomas of the left adrenal and 
a patent foramen ovale. 

There was a terminal lobular pneumonia with acute fibrinous 
pleurisy and an acute splenic tumor. 

Comment: Unfortunately we were unable to obtain any detailed 
clinical facts, pathological reports or specimens concerning the 
enucleated eyes beyond the information that they had been enucle- 
ated for detached retinae with terminal glaucoma. Almost all cases 
of angiomatosis of the retina end in retinal detachment which finally 
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necessitates enucleation of the eye. A majority of the cases of 
angiomatosis of the central nervous system, in the sense of Lindau’s 
disease, are accompanied by angiomatosis of the retinae and it is 
extremely likely that the latter condition was present in our 
patient. 


Discussion 

Hemangioblastomas of the central nervous system are uncommon. 
They are most apt to occur in the third and fourth decades of life. 
The cerebellar hemangioblastomas comprise somewhat less than 
1 per cent of intracranial tumors. Similar lesions of the spinal cord, 
stem and cerebrum are quite rare. Only ii authentic cases of such 
tumors of the spinal cord are recorded in the literature. Lindau 
could find only 4 reports of comparable neoplasms in the stem, while 
Cushing and Bailey listed 4 pubhshed cases, which they felt fairly 
confident were instances of cerebral hemangioblastomas. Lindau 
claimed that they did not occur in the cerebrum. Recently, Rochat 
and Keller each described a case of a cerebral hemangioblastoma. 

Roman’s publication (1913) was the first reliable report of a spinal 
cord case. A single lesion was found in the thoracic cord. This was 
similar in most respects to the growths described in our case. Koch 
(1913) recorded during the same year multiple angiomatous tumors 
of the thoracic cord. Pinner (1914) shortly thereafter described a 
capillary hemangioblastoma which ran the entire length of the cervi- 
cal cord. Tannenberg (1924), a decade later, recorded 2 cases. In 
I of these a vascular tumor was present in the upper lumbar cord 
and similar lesions in two nearby spinal ganglia, while the 2nd case 
showed a single specimen of the same type of growth in the lower 
portion of the lumbar cord. Schuback (1927) described a large 
capillary hemangioma of the thoracic cord. Kernohan, Woltman 
and Adson (1931) in a report of 51 cases of intramedullary tumors 
of the spinal cord mentioned four hemangioblastomas, two being 
present in a single case. No details as to location within the cord 
were given. The histological description was quite characteristic. 
The high percentage of angiomatous tumors in this series is imusual 
and does not correspond to the small percentage of such verified 
tumors in the literature. It may be purely coincidental that the 
hemangioblastomas bulk so large in the report of Kernohan et al. 
Russell (1932) described a capillary hemangioma of the cervical 
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cord. In the same year Guillain, Bertrand and Lereboullet recorded 
a case of multiple hemangioblastomas of the central nervous system. 

The accompanying table gives some of the relevant data in these 
cases. Seven had single cord lesions and 5 multiple. The tumors 
occurred in all portions of the cord but showed some predilection 
for the cervical and lumbar enlargements. They occurred in the 
nerve roots and cauda equina as well. In aU cases the tumors lay in 
the dorsal half of the cord, usually in the posterior columns, and 
showed a relation to the posterior septum. The neoplasm in the 
cervical portion in the case recorded here illustrates this point well. 
The growth in the posterior horn in the lower thoracic cord did not 
appear to have any relation to either the posterior septum or the 
pia. Four of the 12 cases showed an association of the cord lesions 
with cerebellar hemangioblastomas. The cerebellum is the favorite 
site for these neoplasms. It is interesting to note that 5 of these 
cases showed the associated lesions of Lindau’s S3mdrome. Three of 
the cases revealed angiomatous grovdhs in the stem. Each had a 
tumor in the medulla and i a tumor in the midbrain as well. There 
was a single record of concomitant involvement of the cerebrum. 

Cushing and Bailey clearly differentiated between the angiomas 
and hemangioblastomas of the central nervous system in their mono- 
graph on blood vessel tumors of the brain. The angiomas they classi- 
fied as malformations composed of arteries and veins, stressing the 
point that nervous tissue in various states of preservation was always 
found between the vessels of these lesions. The hemangioblastomas 
they considered to be true vascular neoplasms. In addition, a mass 
of dilated capillaries with nervous parench3ana between the vessels 
or single dilated tortuous arteries or veins were separately grouped 
as telangiectases. 

The hemangioblastomas of the central nervous system appear to 
be true neoplasms, capable of growth which is sometimes fairly 
rapid. The analogous tumors of the retina can be directly observed 
in their growth. They do not metastasize nor are they apparently 
apt to spread along the ventricular system or subarachnoid space. 
A number of things point to a congenital factor in the development 
of these neoplasms. As Sabin has shown, the vascular network is 
laid down by mesodermal elements in situ, and it seems not imfikely 
that some maladjustment in this genesis may leave a nucleus for 
such a tiimor. As Lindau has pointed out, the most common location 
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for the hemangioblastomas is in the rhombencephalon. The work of 
Karlefors has shown that in the third fetal month a vascular mesen- 
chyme is found lying upon the posterior medullary velum. This is 
the anlage for the local meninges, the vascular plexus of the choroid 
of the fourth ventricle and of the vascular network in the areae 
postremae of tlie medulla. It is only toward the end of the third 
fetal month that the cerebellar hemispheres begin to develop. Lindau 
suggests that a portion of this original vascular plate lying in the 
midline might be pinched off and carried laterally into the develop- 
ing hemispheres. This would account for the frequent location of 
the hemangioblastomas in the superficial and posterolateral portions 
of the cerebellum. The midline lesions and those in the meduUa, 
which are always in its caudal portion, would be explained by the 
original position of the vascular plate. 

As noted above, the hemangioblastomas of the spinal cord always 
occur in its dorsal half, very often in relation to the posterior septum. 
Bielschowsky, in discussing a teratoma of the cord, pointed out the 
possibility that portions of the surface membrane might be drawn 
down into the nervous parenchyma during closure of the medullary 
groove. This might later give rise to mesodermal growths. Tannen- 
berg expressed a similar opinion in relation to a case of angioma of 
the cord. 

The fact that the hemangioblastomas are often multiple and occa- 
sionally linked in Lindau’s syndrome lends further support to the 
impression that there is a congenital factor involved in their origin. 

The cerebellar hemangioblastomas may be cystic, solid, or par- 
tially cystic. The ii cases reported by Cushing and Bailey were 
about evenly divided between the three types. Lindau gathered the 
reports of 24 cystic hemangioblastomas from the literature and 
added 16 of his own. The fact that he was specifically studying 
cerebellar cysts, however, resulted in a narrowing of the field, which 
led to the impression that cerebellar hemangioblastomas were al- 
most exclusively cystic. Although predominantly so, they are not 
wholly of this nature. The spinal cord hemangioblastomas are all 
solid, although some are associated with syringomyelia, as seen in 
the table. We will revert to this point later in discussing the syringo- 
myelia in our case. Lindau expressed the opinion that the cysts, 
both within the tumor and about it, were occasioned by circulatory 
disturbances in the growth giving rise to a plasmatic transudate. He 
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felt that the paucity of lymph channels in the nervous parenchyma 
did not permit ready resorption of this fluid and so (^sts were 
formed. He ventured that the same was true of his series of cystic 
vascular gliomas. Cushing and Bailey, however, pointed out that 
extensive cystic formation was equally characteristic of the rela- 
tively non-vascular gliomas, particularly the fibrillary astrocytomas, 
so that the transudate cannot be attributed merely to the vascular- 
ity of the lesion. That the cyst fluid is a transudate and not simply 
due to degeneration of the tumor proper is evidenced by the rapidity 
with which such cysts refill after tapping, and the chemical resem- 
blance of the fluid to plasma. Cushing and Bailey call attention to 
the fact that both angiomatous and gliomatous cysts usually have a 
small mural nodule of tumor such as was present in the cerebellar 
lesion of the case reported here. That the cystic fluid probably 
originates in these nodules is evidenced by the failure of such cysts 
to refill when the mural nodule has been removed. The causes of 
this cyst formation are, however, not clearly established. Of two 
similar hemangioblastomas of the cerebellum in Koch’s case one 
was cystic and the other not. 

Histologically the cervical hemangioblastoma in the case de- 
scribed here is quite characteristic of such tumors. It is predom- 
inantly capillary, although there are a considerable number of 
intervascular cells. Some of the reported hemangioblastomas present 
purely capillary zones in which no such intervening cells are present. 
Others are quite cellular. There appears to be an intimate relation 
between these interstitial cells and the lining of the capillaries, and 
Cushing and Bailey suggest that they arise by endothelial hyper- 
plasia. The hpoid content of many of the intervascular elements, 
which was so striking in the cervical and cauda equina tumors in our 
case, has been variously explained. Tannenberg was of the opinion 
that circulatory disturbances reduced the nutrition of the tumor 
cells so that they imderwent a degenerative, fatty metamorphosis. 
Lindau, however, pointed out that the tumor cells stained well and 
did not appear degenerated. He suggested that in the formation of 
a cyst in the neighborhood of a hemangioblastoma there must be a 
slow destruction of nervous tissue. The hpoids thus liberated are 
taken up by the endothehal elements in the tumor. The myelo- 
malacic area about the cervical cord tumor in the c:ase described here 
might be the source of the lipoid material in the solid tumors. To 
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support his opinion Lindau pointed to the phagocytosing power of 
cells of endothelial origin. Similar tumors elsewhere in the body 
where lipoids are not so abundantly liberated in degenerative proces- 
ses, as in the nervous system, do not show these large lipoid-contain- 
ing cells. The occasional mitoses and small multinucleated giant 
cells encountered in the hemangioblastomas give evidence of their 
active growth. The reticulin network outlining the capillaries and 
forming intercapillary bridges is quite characteristic. Occasionally 
the intervascular cells become so prominent in a hemangioblastoma 
that they dominate the picture, although transitions can be found to 
capillary areas. Again the capillaries may become dilated so that 
they form large irregular sinuses. The latter condition was present 
to some degree in our cerebellar tumor. On the basis of these vari- 
ations Cushing and Bailey classified the hemangioblastomas as pre- 
dominantly capillary, cellular or cavernous. They described two 
cellular hemangioblastomas of the cerebellum and referred to an- 
other of the retina reported by Brandt. These tumors have many 
areas in which big epithelioid, polygonal, cuboidal and columnar 
cells are gathered in large clusters and columns. These cells have no 
processes or fibrils. Many contain considerable amounts of lipoid. 
This type of hemangioblastoma, however, is evidently quite rare. 
The capillary type with varying numbers of intervascular cells is the 
common variety. 

From the table it may be seen that 5 of the 12 cases of spinal cord 
hemangioblastomas were associated with Lindau’s syndrome. Be- 
side the angiomatosis of the central nervous system in our case there 
were, as noted above, congenital cysts of the pancreas and kidneys, 
a benign h3q)emephroma of the left kidney, an adrenal rest in a 
retroperitoneal lymph node, and a paraganglioma of the left adrenal. 
As has been stated, it is extremely likely that retinal angiomas were 
present in this case, although we lack anatomical confirmation of 
this point. 

Brandt, in his study of angiomatosis of the retinae, or von Hippel’s 
disease, gives the average age of onset of s3nnptoms as 25 years, with 
some cases beginning in childhood but none apparently after 45. 
The average age of onset of symptoms in angiomatosis of the cere- 
bellum, as given by Lindau, is 32 years. When both are present in 
Lindau’s syndrome the angiomatosis of the retinae is the first to give 
symptoms, while the central nervous system lesions are not in evi- 
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dence until a good deal later. In the case recorded here the eye dis- 
turbances began at the age of 21 , while the cerebellar and cord symp- 
toms did not appear until the patient was 32. 

Lindau points out a famihal disposition to angiomatosis of the 
retinae and similarly of Lindau’s syndrome, Kufs has gathered data 
on this point and calls attention to the fact that unaffected members 
of the affected family may transmit the disease. 

In the case described here the father had died of brain tumor at 
the age of 36 and the mother of “spinal meningitis” at 28 years of 
age. A twin brother and sister had died at birth. Although no de- 
tails are known as to the type of tumor which the father had, it is 
possible that it was an hemangioblastoma. It is uncertain whether 
the conditions in the other three were related. 

Angiomatosis of the retinae has been described twice as frequently 
in men as in women, while angiomatosis of the central nervous sys- 
tem occurs with about equal frequency in the two sexes. 

Lindau considers a cystic pancreas one of the most constant fea- 
tures of his syndrome. Very often the cysts may permeate the entire 
pancreas and in 2 of the recorded cases a glycosuria was present. 
These pancreatic cysts are lined by a single layer of cuboidal cells 
which may become flattened and endothelial-hke, as was true in our 
case. Some cysts are lined by columnar epithelium and others show 
papillary proliferation. Both Berblinger and Lindau consider them 
to be dysontogenetic in origin. According to Lindau the work of 
Siwe shows that in the second and third fetal months the branching 
anlage of the pancreas and a vascular mesenchyme from the dorsal 
mesentery intertwine in growth. A disturbance in the equilibrium 
between the mesodermal and epithelial tissues might lead to the 
snaring-off of clusters of epithelial cells from which the cysts could 
later develop. 

Next in frequency, as concomitant lesions in his syndrome, Lindau 
places the malformations and tumors of the kidneys and adrenals. 
The cystic lesions of the kidneys in our case are undoubtedly con- 
genital in origin and similar cysts were described in many other cases 
of this disease, 10 of the original 15 gathered by Lindau having them. 
Hypernephromas were present in 6 of these 15 cases and such a 
tumor was present in the left kidney of our case. The adrenal rest 
in the lymph node is quite unusual. The benign appearance of these 
nodules made it certain that they were not metastases from the 
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kidney and were additional congenital lesions. The paragangliomas 
of the adrenal in our case are the first that have been encountered in 
a case of Lindau’s disease. They are typical examples of this un- 
common type of tumor. 

The familial occurrence and the presence of coincidental lesions in 
many organs prompted Lindau to consider the syndrome named for 
him as one in which there were many congenital rests and malforma- 
tions referable to one of the embryonic layers. This he took to be 
the mesoderm and suggested that the developmental disturbance 
probably occurred during the third fetal month. At this time there 
occur vascularization of the retina, formation of the vascular meso- 
dermal roof-plate of the fourth ventricle and ingrowth of meso- 
dermal elements into the pancreas. Maldevelopment at this time 
may lead to the formation of renal cysts. He called attention to the 
similarity of the condition to neurofibromatosis and tuberosclerosis. 
In neurofibromatosis there are multiple tumors of the peripheral 
and sometimes central nervous system accompam'ed by skin pig- 
mentation. In tuberosclerosis there are focal glioses of the 
brain, gliomas, rhabdomyoma of the heart, embryonal renal tumors 
and renal cysts. In both conditions there may be occasional retinal 
tumors. 

As noted in the table of spinal hemangioblastomas, 7 of the 12 
cases showed an associated s3ningomyelia. This is not an uncom- 
mon accompaniment of intramedullary cord tumor. Of the 51 intra- 
medullary tumors of the cord reported by Hemohan et ah, 10 came 
to autopsy and g were true neoplasms, i being a tuberculoma. Five 
of these g cases were associated with S3Tingomyelia. One was the 
heman^oblastoma included in our table, 2 were ependymomas, 

I was a medulloblastoma, and the last was an oligodendroglioma. 
In each of these cases the syringomyelia was described as quite char- 
acteristic. The cavities were extensive, surrounded by gliosis and 
not lined by ependyma. 

This association of syringomyelia with spinal cord tumors has been 
explained in various ways. Lindau is of the opinion that these cav- 
ities in the cord are simply elongated cysts similar to the cysts so 
commonly encountered about cerebellar hemangioblastomas and due 
to transudation from the vessels of the tumor. He believes that they 
show only a superficial resemblance to true syringomyelia. The cir- 
culatory disturbances in vascular tumors cause edema which spreads 
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in the nervous parenchyma about the tumor. Edema of the intra- 
medullary hemangioblastomas and of the surrounding parenchyma 
was quite definite in our case. The spread of the edema fluid occurs, 
as in hematomyelia, in narrow irregular columns up and down the 
cord, usually for long distances. Where the fluid collects cavities 
form, the nervous and glial tissues being compressed. The pressure 
of the fluid causes a reactive gliosis producing the wall of the syringo- 
myelic cavity. It is true that the syringomyelic cavities in these 
cases associated with cord tumors usually course from the tumor, 
stretching away both above and below it. The syringomyelia of the 
cervical cord and the syringobulbia with which it is continuous 
appear to be definitely related to the hemangioblastoma in the upper 
cervical cord. The cavities in the lower thoracic region and lumbar 
cord seem equally related to the neoplasm of the lower thoracic cord. 
This is rather small and the cavities large. Many cystic cerebellar 
hemangioblastomas, however, have small mural nodules and quite 
a large cyst. Kirch also points out that solid gray glial columns, such 
as are considered to antedate the cavity in many true syringomyelias, 
can be found in relation to intramedullary cord tumors. This is true 
in Schuback’s case in which such solid glial columns were found 
flanked by cavities. Kirch suggests that in these cases no collections 
of edema fluid have formed, a more diffuse infiltration of the tissue 
by the serous transudate having occurred. The occurrence of 
syringomyelia in relation to such tumors as the medulloblastoma and 
oligodendroglioma of the cord reported by Kernohan et.al., is diffi- 
cult to explain on the basis of a circulatory disturbance in a vascular 
tumor with transudation. The same was true, as noted above, in 
attempting to explain the genesis of neoplastic cerebellar cysts on 
the same basis when one considers the cysts accompanying the rela- 
tively non-vascular fibrillary astrocytomas of the cerebellum. 
Kernohan et al., however, in discussing the syringomyelia in their 
case of spinal cord hemangioblastoma were of the same opmion as 
Lindau and Kirch. Tannenberg also expressed the opinion that the 
syringomyelia in these cases is comparable to the cysts which form 
in relation to tumors of the central nervous system. He believes 
them to be due to softenings in the region of such neoplasms with 
resultant cavity formation and gliosis, rather than a mere transuda- 
tion, fluid collection and tissue compression. He considers the 
necroses to be due both to circulatory disturbances locally and to 
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toxins elaborated by the tumor. That considerable destruction can 
occur about spinal cord hemangioblastomas was evidenced in the 
degeneration about the intramedullary tumors in our case and these 
degenerated zones bridge from tumor to syringomyelia. 

Russell likewise believes that anemic or hemorrhagic softenings 
due to the presence of a tumor in the cord may give rise to the sy- 
ringomyelia. She quotes Cornil and Ranvier for evidence that soft- 
ening following trauma follows the same distribution as hemorrhage 
in the cord. A column of softened tissue in the posterior columns 
and horns, parallel with the long axis of the cord, may extend for 
long distances. Finally a cavity with a glial wall is formed. To 
prove that such softenings occur secondary to cord tumors she gives 
the details of an autopsy from her own laboratory. It was a case of 
cord metastasis in the first and second lumbar segments from a 
carcinoma of the lung. There was hemorrhagic softening of the cord 
to the tenth, and anemic softening to the sixth thoracic segment. 
Below the tumor the rest of the lumbosacral cord was involved in 
hemorrhagic softening. 

Another explanation of the association of angiomatous neoplasms 
with syringomyelia* is that they are coincident, multiple, congenital 
anomalies. Bielschowsky expressed this opinion and Jonesco-Sisesti 
more recently was strongly in its favor. Both adduce the evidence 
of the conjunction of teratomas and teratoid tumors of the cord with 
syringomyelia. Furthermore, the occurrence of the syringomyelia 
with multiple congenital malformations, such as occur in Lindau’s 
disease and in neurofibromatosis, would be in favor of this theory. 
Our own case and 4 others listed in the table showed this association. 
A munber of the reported cases and 2 of those listed in the table, 
however, do not show such congenital abnormalities. 

A final possibility is that hemorrhages from intramedullary tu- 
mors, in particular hemangioblastomas, may produce hematomyelia 
which results in a syringomyelia. RusseU discusses this theory and 
points out that Ohlmacher’s case of a cavernous angioma of the 
cervical cord was accompanied by a hematomyelia which extended 
for some distance above and below the tumor. She quotes a case of 
her own, an ependymal glioma of the lumbar cord associated with 
syringomyelia. There was evidence of an old hemorrhage in the 
borders of the syringomyelic cavity and in the walls of a cyst within 
the tumor. Russell believes that this may be the cause of the associ- 
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ation in some cases, but most often when there is hemorrhage it is 
secondary to the circulatory disturbance with necrosis. 

In our case the syringomyelia is anatomically quite typical and in 
no wise distinguishable from similar lesions of this nature. Its wall 
resembles that of the cerebellar cyst and in a sense the syringomyelic 
cavities can be considered “cysts” related to the spinal cord tumors. 
They are intimately associated with the neoplasms, being ranged 
about them. The markedly edematous areas with the often intense 
accompanying degeneration are directly continuous with the syringo- 
myelia, or contiguous to the tumors. They point to a local vascular 
disturbance with transudation. 

From the evidence of our own material, therefore, we believe these 
cavities in the cord to be true syringomyelia and yet comparable to 
the similar cerebellar cysts and similar cysts elsewhere associated 
with tumor. The most plausible explanation of their formation is 
that a columnar edema and necrosis occurs secondary to circulatory 
disturbances produced by the tumor, with subsequent cavity forma- 
tion and mural gliosis. 


Summary 

A case of multiple hemangioblastomas of the spinal cord forming 
part of Lindau’s syndrome is presented. These intramedullary tu- 
mors are associated with a syringomyelia and syringobulbia. The 
other lesions are a cystic cerebellar hemangioblastoma, congenital 
cysts of the pancreas and kidneys, a benign h3q)emephroma of the 
left kidney, an adrenal rest in a retroperitoneal lymph node and 
three paragangliomas of the left adrenal. 
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Plate 132 

Fig, I. Hemangioblastoma of cervical cord, Hemat6x>'lin-eosin stain. 

Fig. 2, Hemangioblastoma of lower thoradc cord. Hematoxj'lin-eosin stain. 
Fig. 3. Syringomyelia. Lumbar cord. Phosphotungstic acid hematoxylin stain. 
Fig. 4. Syringobulbia. Lov.-er medulla. Phosphotungstic acid hematoxylin 





Plate 133 

Fig. 5. Capillary zone in cervical cord hemangioblastoma, irematoxylin-eosin 
stain. X 720. 

Fig. 6. Capillary zone in thoracic cord hemangioblastoma. Hemato.xylin- 
eosin and Laidlaw stains combined. X 450. 

Fig. 7. Pseudoxanthomatous cells between the capillaries in a cellular area of 
the cervical cord hemangioblastoma. Hematoxylin-eosin stain. X 720. 

Fig. 8. Pseudoxanthomatous cells in thoracic cord hemangioblastoma. Phos- 
photungstic acid hemato.xylin stain. X 720. 
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Plate 134 

Fig. 9. Capillaries in cervical cord hemangioblastoma. Note tendency to 
radiate from the large, thick-walled channels. Laidlaw stain, X 80. 

Fig. 10. Benign hypernephroma of the left kidney. Hcmatoxylin-eosin stain, 
X 100. 

Fig. II. Adrenal rest in retroperitoneal lymph node. Hematoxylin-eosin stain. 
X 100. 

Fig. 12. Cysts in pancreas. Hematoxylin-eosin stain. X 80. 
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FORMATION OF INTERCELLULAR SUBSTANCE BY THE 
ADMINISTRATION OF ASCORBIC ACID (VITAMIN C) 

IN EXPERIMENTAL SCORBUTUS * 

Valy Menkin, M.D., S. Burt Wolbach, M.D., and Miriam F. Menkin, M.A. 
(Frffm ihc Department of Pathology, Harvard University Medical School, Boston, Mass.) 

In 1919 Aschoff and Koch ^ expressed the belief that in scurvy the 
primary deficiency consisted of a Jack or faulty development of 
cement substance. They inferred that the condition at the costo- 
chondral junction in human scorbutic material was due to the in- 
ability of osteoblasts to form osteoid tissue. The experiments of 
Wolbach and Howe ^ demonstrated without any doubt that the im- 
mediate effect of orange juice administration in the repair of scorbu- 
tus is prompt deposition of intercellular material. This reparative 
process was clearly shown in several ways, notably by the renewed 
formation of dentine in the incisor teeth of guinea pigs, the deposi- 
tion of a homogeneous matrix by the periosteal layer of cells and, 
finally, by the formation of osteoid and osseous trabeculae in the 
Geriistmark of the costochondral junctions. More recently Wolbach ’ 
demonstrated that the deposition of collagen in the organization of 
blood dots in the state of absolute scorbutus was referable to the ad- 
ministration of vitamin C and that it represented the product of fi- 
broblastic secretory activity. The earlier studies of Wolbach and 
Howe led these investigators to consider scorbutus as a state charac- 
terized primarily by a cessation in the normal formation of intercel- 
lular substance on the part of supporting tissues. 

* An abstract of this study was read before the American Society for Experimental 
Pathology in New York City, March 30, 1934- 
Received for publication June 4, 1934- 
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The object of this brief report is to record the histological response 
produced by the administration of crystalline ascorbic acid (vitamin 
C) in the amelioration of experimental scorbutus in guinea pigs. 
That ascorbic acid prevents the development of scorbutus in guinea 
pigs and cures the condition when established has been proved. The 
observations that are to follow show that the histological repair is 
identical with that produced by vitamin C in orange juice. 

Advances toward the isolation of vitamin C in its crystalline 
form have been rapid since 1928 when Szent-Gyorgyi isolated a re- 
ducing substance from various plants and subsequently from adrenal 
cortex which he called licxuronic add!" From the very beginning 
Szent-Gyorgyi recognized the similarity of this acid to vitamin C. In 
the early part of 1932, in collaboration with Svirbely, this investiga- 
tor reported that a daily allowance of i mg. of hexuronic acid 
afforded complete protection against scurvy in a 90 day test.'' Ac- 
cording to Szent-Gyorgyi this substance is a monocarboxy acid cor- 
responding to the formula CcHsOc- More recent studies in associa- 
tion with Haworth “ have shown that it has evidently no relation to 
uronic acid and that it is most likely a lactone. Szent-Gyorgyi pro- 
posed the name of ascorbic acid for the crystalline product. Indepen- 
dently, and practically simultaneously with the isolation of ascorbic 
acid by Szent-Gyorgyi, Ejng and his collaborators obtained crystals 
from lemon juice that had identical effects on scorbutic animals.^ 
Recently Reichstein and his collaborators ® succeeded in S3mthesiz- 
ing a product from 1-xylosone having properties that they believe 
are identical with those of natural ascorbic acid. 

The crystalline vitamin C preparation, as isolated and used in the 
experiments that are to be reported here, was obtained from lemon 
juice by modifying only slightly the original methods of extraction, 
as reported in the various communications of King and his co-work- 
ers.®”^2 reader is referred to these publications for details of the 
chemical technique. There is, however, one point that perhaps de- 
serves mentioning. In the final step of extraction crystallization of 
ascorbic acid was found more effective when the material was main- 
tained at minus 20° C for several days. Furthermore, its potency 
seems to be distinctly decreased when the various steps in the isola- 
tion process are carried out in the presence of oxygen. One such 
preparation, when administered to scorbutic guinea pigs, 3delded 
definite reparative response in the incisor teeth but failed to amelio- 
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rate the condition in the Geriisimark of the costochondral junction. 
• *rhis would indicate that the reparative response to antiscorbutics is 
more sensitive in the incisor teeth than at the costochondral junction. 
A second preparation in which adequate precautions were taken to 
isolate the material in a relatively oxygen-free atmosphere by bub- 
bling COo during the various evaporations in vacuo yielded a product 
sufficiently potent so that adequate repair could be demonstrated 
both at the costochondral junction and in the incisor teeth.* 

The diet employed was the same that Wolbach and Howe had 
used in 1926. The guinea pigs.had an initial weight ranging between 
250 and 400 gm. The ascorbic acid solution was administered either 
orally or parenterally, 3 to 5 mg. per day as a rule. The treatment 
was started 2 to 3 weeks following the onset of the scorbutic diet, at 
a time when the symptoms of the disease were conspicuous. The 
treatment with ascorbic acid was continued for a period varying from 
2 to 15 days, after which the animal was chloroformed and a thor- 
ough postmortem examination performed. 

The histological studies were centered chiefly in following the re- 
parative processes occurring in sections of the costochondral junc- 
tions and through the incisor teeth. Wolbach and Howe in their 
original study found that these structures gave them exceedingly 
good material for studying scorbutic sequences. In brief, they have 
pointed out that the important change in the incisors of scorbutic 
guinea pigs is cessation of formation of dentine and separation of the 
odontoblast layer from the dentine (Fig. i). In complete scorbutus 
the presence of liquid separating the odontoblasts from the dentine 
seems to be the result of a defective secretion of the odontoblasts. 
Furthermore, they showed that the administration of orange juice is 
rapidly followed by the deposition of newly formed dentine in the 
irregular contours of the odontoblast layer. On the basis of their 
findings they expressed the view that ‘‘the missing factor or agent 
which the antiscorbutic enables the odontoblasts .to supply is evi- 
dently one effecting the jelling or setting.” At the costochondral 
junction of scorbutic animals they found that osteoblastic prolifera- 
tion continues uninterruptedly without, however, producing any 
bone matrix. These cells assume the shape of fibroblasts, and the 

Professor Szent-Gyorgyi was kind enough to send us a sample of ascorbic acid 
which we have also been able to test on some of our scorbutic animals. The histolog- 
ical findings were similar to those obtained with the product isolated in this laboratory. 
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resulting edematous appearance of the loosely textured connective 
tissue has been given the name Geriislniark. The initial administra- 
tion of orange juice is promptly followed by a diffuse deposition of 
osteoid matrix. On further treatment %vith the antiscorbutic Wol- 
bach and Howe described the formation of definite osteoid and osse- 
ous trabeculae replacing the loosely textured Geriislmark. Here 
again, as in the case of the odontoblasts, they interpret the activity 
of the osteoblasts in scorbutus as that of cells producing a defective 
liquid product. 

Results 

The data obtained following the administration of ascorbic acid to 
scorbutic guinea pigs were exactly in accord with the previous find- 
ings of Wolbach and Howe with orange juice. This would seem to 
prove that the deposition of intercellular substance subsequent to 
the feeding of orange juice is due to vitamin C per se and not to some 
other ingredient. Most of the animals showed distinct symptomatic 
improvement soon after the ascorbic acid feeding was initiated, as 
indicated by both increased weight and restoration of appetite. 

The incisors of scorbutic guinea pigs receiving no ascorbic acid 
showed, as stated above, the characteristic separation of dentine 
from the odontoblast layer and a somewhat shrunken pulp (Fig. i). 
Scorbutic guinea pigs given the crystalline product displayed marked 
deposition of dentine precisely as had been previously found with 
orange juice (Fig. 2). Furthermore, the amount of intercellular den- 
tine laid down follows roughly the total amount of ascorbic acid ad- 
ministered. Parenteral injection of the crystalline product is at least 
as effective in producing reparative reactions as oral administration. 

Sections through the costochondral junction of scorbutic animals 
show the typical loosely textured Geriislmark containing fibroblast- 
like cells producing no osteoid matrix. There is considerable hemor- 
rhage; the periosteum is thinned out with cell bodies in close apposi- 
tion to each other and devoid of the normal homogeneous matrix 
(Fig- 3)- contrast Figure 4 illustrates the same region in a scor- 
butic guinea pig that received one intraperitoneal and three daily 
subcutaneous injections each of 5 mg. of ascorbic acid. The site of 
parenteral injection was shifted from day to day so as to obviate any 
retardation in absorption by the possible development of an inflam- 
matory reaction sufficiently severe to obstruct lymphatic drainage.^ 
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The Gcriisimark is interspersed with osteoid trabeculae extending 
from the columns of cartilage to the marrow. The periphery of these 
trabeculae is Imed by numerous osteoblasts. The repair is complete, 
involving also cartilage and periosteum (Fig. 5). Adjacent to the 
cartilage columns, cells are seen that form either osteoid matrix, 
chondromucin or the homogeneous collagenous matrix of periosteal 
tissue (Fig. 5). In a guinea pig sacrificed after receiving a total of 
75 mg. of the crystalline material orally over a period of 15 days the 
newly formed osteoid trabeculae at the Geriistmark were found ossi- 
fied, with evidence of progressive bone resorption (Fig. 6). 

Discussion 

The observations cited above show that the administration of the 
crystalline material known as ascorbic acid to scorbutic guinea pigs 
induces reparative reactions identical in character with those ob- 
tained with orange juice. The cessation in the formation of intercel- 
lular substance by supporting tissues in experimental scorbutus is 
therefore doubtless due to the lack of vitamin C, which is ascorbic 
acid. It is interesting to note that a function of cells as important 
as the production of intercellular matrix seems to depend on the 
presence of a relatively simple chemical substance, having as its em- 
pirical formula CgHsOg- The mechanism of this reaction still remains 
to be elucidated. Further studies are being conducted in an endeavor 
to clarify this problem. The observations of Szent-Gyorgyi suggest 
the intimate role that ascorbic acid may play in cellular oxidation 
in connection with its unusual reactivity as a reducing agent. This 
investigator advances the theory that ascorbic acid plays a central 
role in cellular reactions by acting as a regulator of potential changes, 
in this way preserving protoplasm against oxidation. He showed 
that silver salts, even in acid solution, are immediately reduced by 
ascorbic acid, a capacity unparalleled by substances composed solely 
of carbon, oxygen and hydrogen. While acting as a reducing agent 
ascorbic acid oxidizes itself, this being a reversible phenomenon. 
Szent-Gyorgyi expresses the belief that the biological function of 
ascorbic acid resides in its oxidation-reduction properties, in that it 
acts as a sort of buffer which links the various oxidizing enz3mes 
participating in cellular metabolism. He has obtained some support 
for this view in studies on the respiration of the cabbage leaf. The 
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oxidation-reduction potential of ascorbic acid has also recently been 
studied by Fniton and others. Evidences of ascorbic acid acting as 
an activator of enzyme action have also recently been brought for- 
ward by Purr,^^ and Karrer and Zehender.*® Harrison has lately 
studied the oxygen consumption of tissues removed from scorbutic 
animals and has shown that the uptake is considerably lower than 
that from normal animals. The addition of small amounts of ascor- 
bic acid to such tissues in vitro brings about an increase in the oxygen 
consumption. In the case of normal tissues, however, the oxygen up- 
take remains unaffected by the addition of ascorbic add. It is con- 
ceivable, in view of such observations, that the lack of intercellular 
substance in the supporting tissues of scorbutic animals, as evidenced 
histologically, may be an expression of reduced cellular oxidation 
resulting from a deprivation of ascorbic acid. 

Summary and Conclusions 

Ascorbic acid (vitamin C in crystalline form) administered orally 
or parenterally to scorbutic guinea pigs induces reparative processes, 
as demonstrated by the renewal of dentine formation in the incisor 
teeth and by the deposition of osteoid matrix and chondromudn at 
the costochondral junction. These results on the formation of inter- 
cellular substance are in accord with those previously obtained by 
Wolbach and Howe by feeding orange juice. They furnish additional 
support for the view that ascorbic acid is indistinguishable from 
vitamin C. The evidence obtained indicates that a relatively simple 
chemical substance, ascorbic acid, controls the deposition of intercel- 
lular substance. The possible mechanism involved in this reaction is 
discussed from the standpoint of the properties of ascorbic acid as a 
reducing agent in relation to cellular oxidations. 
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Plate 135 

Fig. I. Section through incisor of a scorbutic guinea pig. The separation be- 
tween the odontoblast layer and the dentine is striking. Low power. 

Fig. 2. Section through incisor of experimental scorbutic guinea pig. 20 mg. of 
ascorbic acid administered parenterally over a period of 4 days. The animal 
was then killed. Note the large amount of newly formed dentine. Low 
power. 







Plate 136 

Fig. 3. High power drawing through costochondral junction of scorbutic guinea 
pig, showing the looselj’’ textured Gcriishnark. There is some evidence of 
hemorrhage. Since the cells have failed to produce any intercellular sub- 
stance it is practically impossible to differentiate osteoblasts from fibro- 
blasts. 

Fig. 4. Section through costochondral junction of experimental scorbutic 
guinea pig that had received four parenteral injections of ascorbic acid 
aggregating to 20 mg. Note at the Gcriishnark the extensive repair reaction 
in the form of newly deposited osteoid trabeculae. X 175. 
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Plate 137 

Fig. 5. Same guinea pig as Fig. 4, showing reparative reaction of cartilage and 
periosteum at the costochondral junction following four parenteral injec- 
tions of ascorbic acid. About X 160. 

Fig. 6. Costochondral junction of experimental guinea pig that had received 
orally 75 mg, of ascorbic acid over a period of 15 days. Note the osseous 
trabeculae with progressive bone resorption. Compare with deposition of 
osteoid matrix in Fig. 4 following only 4 days treatment with ascorbic acid. 
X 175- 
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INCLUSIONS IN RENAL EPITHELIAL CELLS FOLLOIVING THE 
USE OF CERTAIN BISMUTH PREPARATIONS * 

Ai'n'iN M. PAPPENHEHtER, M.D., AND Eugenta H. Maechling, Ph.D. 

{From the Dcpartvicnis of Pathology and Dermatology, College of Physicians and 
Surgeons, Columbia University, New York City) 

It is not the purpose of this paper to discuss the pathology of bis- 
muth ’nephritis in general, but rather to call attention to peculiar 
epithelial inclusions, which seem to be definitely related to the ad- 
ministration of certain bismuth compounds. The fact that these 
bodies are found within the nucleus as well as in the cytoplasm lends 
them particular interest and justifies a detailed description. The 
bodies were first observed in Case i . A second case, in which a dif- 
ferent bismuth preparation was used, and which also showed sumlar 
inclusions in the renal epithelium, is also reported. 


Case Reports 

Case I. P. H. History No. 357,602. The patient, E. R., a male, 46 years of 
age, was admitted to the Presbyterian Hospital on Oct. 28, 1932, and. agam on 
Dec. 9, 1032. The chief complaint was epigastric pain and loss of weight for 5 

months. The family history was unimportant. The patient had been healthy 

and robust until the onset of the present symptoms. There was a history of 
gonorrhea 23, 20 and 9 years ago, but no syphilitic infection. e assermann 
reaction was reported negative in 1923, 9 years previous to t e presen 1 . 

Five months ago the patient began to have pain and a feelmg of ^ 

epigastrium. The pains were gnawing in character, occurred i 0 2 0 
meals and occasionally at night. The pain was reheve ^ 

period of 3 months there was a loss of 16 pounds m weig f* fUnt time 
pital in October, remaining for 3 weeks. rpaSfn^s 

disclosed a palpable mass in the epigastrium. The Wasserm 
4 plus, and because of the possibility that the mass was a guiM Novem- 

was referred to the Dermatological Clinic for aiUiluetic rea Lreived 2 cc 
ber 22nd, and again on the 2Sth, 29th and on f he was IS 

of bismocymol (o.i gm. bismuth) intramuscularly, n a > ^ 

three intravenous injections of Old Salvarsan, tota mg o. gm., 

mercuric salicylate intramuscularly. , , • i .... „r.ripr treatment 

. There was L decrease in the size of the nb^mal mass 
The weakness and loss of weight progressed, and the p 

'^‘phyM eZamlicn: The temperature was p 8 . 4 , 

blood pressure 115/90. The head and thorax were normal. In the epigastrium 
* Received for publication November 2, i 933 ' 
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a large, hard, irregular mass could be felt with the lightest touch and its outlines 
could be seen through the abdominal w'all. It extended two-thirds of the way to 
the umbilicus and was slightly tender. Cervical, axillary and right cpitrochlear 
glands were definitely large but not tender. Examination othervrise negative. 

Laboratory Findings: Hemoglobin 75 per cent, red blood cell count 4, r 50,000. 
Wassermann reaction 4 plus. Stool guaiac-negative. X-ray showed a broad 
crater shadow along the lesser curvature of the stomach. Urinalysis showed a 
trace of albumin, many hyaline and granular casts and occasional white blood 
cells. 

An exploratory laparotomy was performed 3 days after admission and an ex- 
tensive carcinomatous infiltration of the liver was found. This was confirmed by 
examination of an excised specimen. Follovang the operation a hematoma oc- 
curred in the lower third of the wound. The patient became increasingly weak 
and died on the 12th day after operation. 

Clinical Diagnoses: Carcinoma of stomach with metastascs to liver; syphilis. 

Postmortem Examination 

Autopsy No. 11,124, performed 16 hours after death. 

Anatomical Diagnoses: Gastric ulcer and carcinoma, metastases 
in regional lymph nodes, liver and lung; S3^hilitic aortitis, syphilitic 
orchitis with gummas; atherosclerosis. 

The stomach was the seat of a carcinomatous ulcer 2.5 by 3 cm., 
situated on the lesser curvature 4 cm. from the pylorus. Nodules of 
tumor tissue were seen in the base of the ulcer and in the lesser 
omentum. The liver weighed 5350 gm., was greatly enlarged and 
filled with carcinomatous nodules. Normal liver tissue was found 
only in one small area in the right lobe. The aorta presented gross 
and microscopic lesions of syphilitic aortitis. Both testes were fi- 
brotic and contained gmnmatous areas of caseous necrosis. 

Kidneys: No gross changes were visible. The right kidney 
weighed 140 gm., the capsule was easily removed, the surface smooth 
and brownish. The cortex was 7 mm. wide. The markings were 
regular and distinct. There was no gross vascular thickening. 
Pelves and ureters were normal. The left kidney was similar in 
appearance. 

Microscopic Examination of Kidneys 

Microscopically no significant changes are foimd in the glomeruli. 
The capillaries contain a moderate amoimt of blood, the basement 
membrane is not thickened and there is no increased cellular content. 
A small amoimt of granular coagulum is seen in some of the capsular 
spaces. 
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Interesting changes, however, are found in the epithelial cells of 
the convoluted tubules, and chiefly in the distal portions. The 
lining cells are atypical, often flattened or irregular in shape; the 
nuclei are variable in size and occasional mitotic figures are seen. 
Often the lumen is filled with exfoliated necrotic cells or cellular 
detritus which stains deeply with eosin. In some tubules one has the 
impression of a coagulative necrosis affecting the portion of the cell 
contiguous to the lumen, but leaving the basal portion of the cell 
still viable. 

Peculiar bodies are found in many of these atypical or degenerat- 
ing epithelial cells. They are both cytoplasmic and intranuclear. 
Their size varies from 2 to 5 microns, averaging perhaps half the 
size of a red blood corpuscle. Their shape is usually spherical, al- 
though elliptical and obovate forms are occasionally seen. They 
have, in unstained formalin-fixed frozen sections, a slightly brownish 
color, and are highly refractile with a dark, singly contoured mem- 
brane. In some tubules they are quite numerous; others contain 
only one or two. 

Intranuclear bodies are usually surrounded by a pale halo (Fig. 
i). The nucleus containing the inclusion is often slightly enlarged 
or hydropic and the nucleolus displaced to one side against the nu- 
clear membrane. One nucleus is found in which the slightly elon- 
gated inclusion has apparently bulged out the nuclear membrane 
preparatory to escaping into the cytoplasm (Fig. 2). 

The cytoplasmic bodies are usually located between the nucleus 
and free border, or at one side of the nucleus (Figs. 3 and 4). Fre- 
quently they are found within the necrotic desquamated cells within 
the lumen. In general, their presence is associated with, possibly 
leads to, necrosis of the containing cell. A characteristic inclusion, 
however, is found within a cell undergoing mitosis, and many of the 
cells with intranuclear bodies show little if any degenerative change. 
This suggests that the inclusions are first formed within the nucleus, 
to be later extruded as the cell degenerates. 

Case 2. P. H. History No. 405,156- The patient, a female, 60 years of age, 
was first admitted to the Neurological Institute on Dec. ii, 1933- For 3 years 
she had suffered from generalized headaches, attacks of flushing and (tozmess. 

A year ago she had a slight stroke, with speech impairment and right hemi- 
paresis. A second similar attack occurred in November, 1933. 

On physical examination right hemiparesis, adiadokocinesis, rambling speech 
and exaggeration of reflexes on the right side were present. 
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Laboratory Findings: Red blood cells 4,300,000, -while blood cells 7500, 
polymorphonuclears 70 per cent, hemoglobin 78 per cent. Blood \\^assermann 
reaction 4 plus. Spinal fluid o, gold curve iiiiooooco, Wassermann negative. 
Urine showed a faint trace of albumin and clumps of pus cells. 

A diagnosis of meningovascular syphilis with thrombosis of left anterior and 
middle cerebral arteries was made. The patient was given a course of anti- 
syphilitic treatment. She received 10 intramuscular injections of potassium 
bismuth tartrate with butyn (Abbott Laboratories) over a period of 31 days, 
beginning December 19th. The total amount administered was the equivalent 
of I gm, of metallic bismuth. 

On January i8th she developed what was thought to be pneumonia, and -was 
transferred to the Presbyterian Hospital. The temperature v.-as 103.2, The 
white blood count was 40,750, polymorphonuclears 89 per cent. The blood urea 
was 1.5 gm. per liter. The physical signs of pneumonia improved but several 
bed sores developed. A large calculus in the gall-bladder was demonstrated by 
X-ray. The urine contained considerable amounts of albumin and pus, and the 
left kidney was found enlarged. After 2 wrecks Che3me-Stokes respiration ap- 
peared and death occurred, apparently in uremia. Twenty-four hours before 
death the right leg became purplish, cold and edematous. 


Poslmorlein Examination 

Autopsy No, 11,469, performed 14 hours after death. 

Anatomical Diagnoses: Generalized arteriosclerosis; thrombosis of 
arteries of right leg; gangrene of right leg; early confluent lobular 
pneumonia; acute tracheobronchitis; suppurative pyelonephritis 
and pyonephrosis, left; syphilitic aortitis; chronic cholecystitis and 
cholelithiasis; melanosis of colon; old salpingo-oophorectomy, left; 
pel-vdc adhesions. 

Permission to examine the brain could not be obtained. 

Kidneys: The left formed a sac-like mass 15 by 10 by 8 cm., 
weighing no gm. The capsule stripped easity and the surface was 
finely granular. The pelvis was distended with semipurulent fluid 
and there were several large abscesses in the substance of the kidney. 
The right kidney weighed 200 gm., was soft, flabby and the cortical 
markings were blurred, but there were no abscesses. 

Microscopic Examination of Kidneys 

Microscopically the left kidney shows a diffuse pyelonephritis, 
■with the presence of numerous, short Gram-negative baciiH. The 
right kidney is almost free from acute suppurative changes. Autol- 
ysis is fairly marked but there appears to be little degeneration and 
no necrosis of the epithelial cells. Many of them, however, are 
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exfoliated and tlie lumens of the tubules are often filled with granu- 
lar coagulum. There are no significant glomerular lesions and the 
arteriosclerotic lesions of the larger renal branches are not extreme. 

The interesting feature of the hidney sections is the presence of 
numerous spherical globules, identical in location, size and appear- 
ance with those described in the previous case. They are found 
within the nuclei, but more abundantly in the cytoplasm of the 
epithelium of the convoluted tubules, or free in the lumen (Figs. 5 
and 6). 

Staining Reactions and Miceochejhcal Tests of 
Retractile Bodies 

1. Witli hematoxylin-eosin, after formalin or Zenker fixation, the 
retractile bodies are unstained but have a slight brownish tinge. 
They are, as has been stated, very retractile and sharply contoured. 

2. With eosin-methylene blue the majority of the bodies, both 
intra- and extranuclear, stain intensely with the methylene blue. A 
few of the larger ones, however, retain their brownish tinge. 

3. With Pappenheim's methyl green -pyronin they retain their 
' brownish color, in contrast to the red-staining nucleoli, from which 

they can readily be distinguished. 

4. They are unstained with scharlach R in frozen sections of for- 
malin-fixed material. There are only occasional small fat droplets 
within the degenerating epithelial cells. The globules are not doubly 
refractive. 

5. With Nile blue sulphate a faint greenish blue staining of the 
globules is obtained. 

6. With I per cent osmic acid on frozen sections of formalin-fixed 
material, after washing in several changes of distilled water, a slight 
darkening of the globules is noted. They are not blackened, however. 

7. With Spielmeyer’s myelin stain intense blackening of both the 
intranuclear and cytoplasmic bodies is produced. The bodies are 
brilliantly and selectively brought out by this method (Fig. 7)- 

8. Ciaccio’s method shows the presence of amorphous sudano- 
phile masses in the cytoplasm of some of the epithelial cells. The 
globules are unstained. 

9. After 10 days digestion of small slices of formalinized tissue 
with Merck’s pancreatin the globules are unaffected, save that they 
show a tendency to stain with hematoxylin (Fig. y). 



582 


PAPPENHEIMER AND MAECELING 


10. The iron reaction with potassium ferrocyanide and hydro- 
chloric acid is negative. 

11. They are not dissolved by strong ammonia or by 20 per cent 
nitric acid. 

12. Von Kossa’s stain for calcium is negative. 

The following microchemical tests for bismuth were applied. 

1 . With hydrosulphuric acid the bodies are slightly darker than in 
the unstained control sections, 

2. Ammonium sulphide also produces darkening, but no diffuse 
black coloration, 

3. With stannous chloride -sodium hydroxide the inclusions stain 
brownish black. Under the oil immersion minute black granules in 
active brownian motion are seen floating in a colorless menstruum. 

4. With potassimn iodide- sulphuric acid the bodies take a slightly 
more yellowish tinge than the unstained control. 

5. Frozen sections treated according to the method of Komaya ^ 
with quinine sulphate and potassium iodide fail to give the char- 
acteristic bismuth reaction, although a deep brick red color was ob- 
tained with bismoc3mol on filter paper. 

In addition to the refractive globules above described there is in 
Case I a considerable amount of yellowish brown pigment within the 
epithelial cells at the junction of pyramid and cortex. This is in the 
form of irregular, varying sized clumps. It does not blacken with 
hydrosulphuric acid or ammonium sulphide, nor does it give an iron 
reaction with potassium ferrocyanide and hydrochloric acid. It fails 
also to react with Komaya’s reagent and the other microchemical 
tests for bismuth. It is not removed by the lipoid solvents used 
in dehydration and clearing, nor does it give a fat stain with 
scharlach R. 

CHEmcAL Determination or Bismuth in Kidneys 

In view of the fact that the patient received intramuscular injec- 
tions of bismuth it seemed of interest to determine the amount of 
bismuth still present in the renal tissues in each case. 

A colorimetric determination was carried out on duplicate samples 
of formalin-fixed tissue, according to the method of Leonard.^ The 
analysis of Case i gave the following results. 
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Sample A 

Wet weight 8.2058 gm. 

Diy weight 1.9527 gm. 

Bismuth found 1.36 mg. 

Bismuth per 100 gm. wet tissue 16.57 mg. 

Bismuth per 100 gm. dry tissue 69.7 mg. 


Sample B 

4-3730 gm. 
X.056S gm. 
0.0727 mg. 
16,62 mg. 
69.8 mg. 


Taking the combined weight of the two kidneys as 280 gm., the cal- 
culated total amount of bismuth retained by the renal tissue may be 
estimated as approximately 46.5 mg., or well over 10 per cent of the 
total amount injected. To what extent the extreme carcinomatous 
replacement of the liver tissue interfered with the normal storage of 
the bismuth in the reticuloendothelial cells (Komaya) of this organ, 
thus intensifying the toxic effect upon the kidney, must remain 
problematical. The finding of a considerable amount of bismuth 
in the kidney made it logical to ascribe the renal damage to this 
substance. Only a trace of mercury could be recovered. 

An analysis of the kidneys of Case 2, carried out with the same 
technique, gave the following results. 


Wet weight 4-^955 8™- 

Dry weight i.ioi6gm. 

Bismuth found 1.120 mg. 

Bismuth per xoo gm. wet tissue 23.8 mg. 

Bismuth per 100 gm. dry tissue 101.67 mg. 

Total weight of both kidneys 3 ^°-° S™- 

Total bismuth content 73-8 uig. 

Total amount injected 


The kidney at the time of death therefore contained 7*38 P®^ cent of 
the amount injected. 

The nature of the retractile bodies within the epithelial cells still 
remained a problem. It seemed of interest to determine whether 
they could be reproduced experimentally or not. 


Experimental Production oe Similar Globules in Rats 

A white rat, weighing 220 gm., was injected intramuscularly with 
four successive doses of bismocymol as follows. 

On February 8, 1933, o.i cc. (equivalent to 261 mg. pro kg.) was 
injected, on February 9th 0.2 cc. was injected, on the loth 0.45 cc., 
and on the 13th 0.4 cc. The animal showed no symptoms save a loss 
of weight of 30 gm. It was killed 3 days after the last injection 
Bismuth was stiU present at the site of injection. About the matenal 
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was a grayish membrane, outside of which the muscle was edematous 
and hemorrhagic. The kidneys were dark red, the cortex showing 
grayish streaking. Other viscera were not abnormal. 

Microscopically the kidney is the scat of an intense tubular 
necrosis. In many of the convoluted tubules the epithelial cells 
have lost their nuclei, stain intensely with eosin, are partially ex- 
foliated and completely plug the tubules. There are no regenerative 
changes. Spherical inclusions, identical with those in the human 
tissue, are present both within the nuclei and in the cytoplasm (Figs. 
8 and 9). They give similar microchemical reactions. 

A section through the site of injection shows the bismoc3nmol still 
present in the form of large granular deposits or agglomerations of 
spherical refractive masses having a greater variability in size than 
the inclusion bodies within the kidney. Treated with ammonium 
sulphite solution much of the deposit is immediately blackened. 
Many of the smaller globules take only a light browmish tint and 
thus closely resemble those found in the kidney. They are, however, 
entirely extracellular. With Komaya’s reagent the injected material 
takes a brick red or orange color, rapidly decolorized by alkali but 
resistant to weak acid treatment. Some of the smaller globules react 
very feebly to the reagent. This suggests that the bismuth had been 
split off, leaving a non-reacting residue. 

The injected material is surroimded by a broad zone of edematous 
granulation tissue. Many of the smaller globules and amorphous 
masses have been taken in by phagocytic cells, chiefly macrophages, 
but also polymorphonuclears. No globules, however, are found 
within the nuclei of the phagocytic cells or fibroblasts. 

Chemical analysis of the rat kidney showed 0.042 mg. of bismuth 
in 0.1962 gm. of wet tissue, or 21.4 mg. of bismuth per 100 gm. of dry 
tissue. 

The experiment was repeated on 7 other rats, as shown in 
Table I. 

The inclusions were found in 5 out of 7 rats, that is, in all those sur- 
viving more than 4 days. There was no striking correspondence be- 
tween the intensity of the tubular degeneration and the number of 
globules. Rats ii and 15 showed only occasional tubules with nec- 
rotic epithelial cells, but intranuclear globules were numerous. The 
2 rats with normal kidneys, killed on the 4th day, failed to show 
the globules. 
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The particular bismuth preparation used for treatment of the 
second case was not available for experimentation. Three rats were, 
however, given intramuscular injections of a similar preparation of 
sodium potassium bismuth tartrate with butyn suspended in peanut 
oil in doses equivalent to 153, 182 and 290 mg. per kg. respectively. 
None of the rats showed evidence of severe injury to the tubular 


TABtE I 

Summary of Injcciions 


Rat No. 

Total amount: 
injected I 


Number 

injections 

Days 

Tubular 

degeneration 

Globules 

2 

cc. 

0.2 

Mr/K 

77.0 

I 

4 i 

0 

0 

16 

0.7 

145.0 

2 

II 

4-+*f 

+++ 

13 

0.6 

176.0 

3 

4 

0 

0 

II 

0.7 

200.0 

3 

! 8 

-f 

+++ 

I 

i-iS 

287.5 

4 

8 

+++ 


IS 

0.82 

297.0 

' 2 

5 

0 


12 ..... 

1.78 

393-0 

4 

IS 

4- 



epithelium, and in only i were there found characteristic inclusions 
within the nuclei. Further experiments extending over longer 
periods are planned. The preparation was either less toxic for t e 
kidneys than the bismocymol or less bismuth was absorbed from the 


site of injection. , „ . , • 

It seemed of interest to determine also whether similar mclusions 

appeared in the renal epithelial cells in response to injections of a 
water-soluble bismuth compound. A rat weighing 132 gm. w 
jected intramuscularly with 0.5 cc. of Loesser’s solution of ^ismu 

tartrate, equivalent to a dose of 107 mg. pro kg. ^ ^ t\iiles 

2nd day, showing extensive necrosis of many 

but no retractile globules of the type described. Another rat wh c 

received an injection of the same solution (0.17 mg. pro 

0.5 cc. of a 10 per cent solution of camphorated oil m o 

of the opposite leg, also showed severe tubular nephritis but no re- 

of the Dermatological Research "" 

Philadelphia very kindly put at our -^^^L^dissolved in 

carbonic acid, uncombined with bismuth. This 
olive oil by the aid of heat and injected intramuscu a y 
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rats in amounts up to 150 mg. given in divided doses. No toxic effect 
upon the kidney was produced and no retractile globules were found 
within the epithelial cells. 


Discussion 

Following the intramuscular injection of 0,4 gm. of bismuth in 
the form of bismuth camphocarbonic acid in olive oil (bismocymol) 
into a syphilitic patient there occurred a tubular nephritis of moder- 
ate intensity, with regenerative change in progress at the time of the 
patient’s death from a metastasizing gastric carcinoma. The un- 
usual and, so far as we are aware, previously unobserved feature, was 
the presence of refractile spherical bodies w’ithin the nuclei and 
cytoplasm of the renal epithelial cells of the convoluted tubules. A 
second case, in which the patient had been given i gm. of potassium 
bismuth tartrate suspended in peanut oil, was found to have similar 
refractile globules in the epithelium of the renal tubules. The histo- 
chemical reactions in the two cases were identical. 

One can say little that is definite as to the chemical nature of these 
bodies. Their failure to stain with Sudan III or with Nile blue sul- 
phate or osmic acid, and their resistance to lipoid solvents shows that 
they are not simple fats. The negative reaction to the Ciaccio 
method, and the fact that they are not anisotropic would indicate 
that they are not composed principally of lecithin-like substance or 
of cholesterol esters. On the other hand, the positive staining with 
Spiehneyer’s method may suggest a chemical relation to the myelins. 
That they are not of a protein nature is shown by their prolonged 
resistance to tryptic digestion and their resistance to strong acid or 
alkali. The darkening with hydrosulphuric acid and ammonium 
sulphite suggests that they may contain traces of bismuth, but the 
more specific histochemical tests with Komaya’s reagent and stan- 
nous chloride are negative, although the injected material at the site 
of injection gives clean-cut microchemical tests for bismuth. 

Since similar intracellular bodies are not formed at the site of in- 
jection and cannot be detected within the glomeruli, one may assume 
that the material of which they are composed is eliminated from the 
glomerulus either in solution or in finely dispersed form, reabsorbed 
by the tubules, and segregated by the nucleus in the form of one or 
rarely two refractile globules. That the bodies are primarily formed 
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within the nucleus rather than the cytoplasm is indicated by the ap- 
pearances in Rat II which received in divided doses 0.7 cc. of bismo- 
C)nnol, equivalent to 200 mg. pro kg. Bulled on the 8th day after the 
first injection there was found only a slight tubular injury. Numer- 
ous globules were present in the epithelial cells, but almost exclu- 
sively within the nuclei. Often their presence was unaccompanied by 
any other evidence of cell injury. 

In searching the literature for similar observations there was found 
a short paper by Kollert, Strasser and Rosner.® Following the ad- 
ministration of trepol (potassium sodium tartrobismuthate) there 
appeared in the urinary sediment small, polygonal, finely granular 
epithelial cells. The nucleus of these was usually not distinguishable, 
but a sharply contoured retractile body about the size of the nucleo- 
lus was often distinctly seen. No doubly retractile bodies were found 
with the polarizing microscope. 

In the description of the tubular nephrosis produced in rabbits by 
toxic doses no further mention is made of these retractile bodies. 
Whether they were of the same nature as those described above or 
not cannot be decided. We have found no other reference to such 
structures in the rather extensive literature concerning the effects of 
bismuth upon the tissues. 


Summary 

Refractile globules were found within nuclei and cytoplasm of 
renal epithelial cells in 2 cases following intramuscular mjection, 
in r instance of bismocymol (a bismuth denvatiye of campho- 
carbonic acid), and in the other of potassium bismuth tartrate with 
butyn. Similar globules were found in the renal epithehal cellsof 
rats after the injection of appropriate doses 0 ismocymo . 
chemical nature of these globules was not dete^ued; they gave 
equivocal reactions for bismuth, were insoluble m 
in strong alkalis and acids, resisted tryptic (hgestwn, * 
for iron or calcium but stained as myelin by the Spielmeyer method. 

Note. We are indebted to Poctors Allen Whipple and Walter 

• T j rprords of those C3.scs* 

Palmer for permission to include the c 
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DESCRIPTION OF PLATES 
Plate 138 

Fig. I. Case i. Intranuclear body in renal epithelial cells. I-Iematox>'lin- 
eosin stain, x 1680. 

Fig. 2. Case i. Two inclusion bodies are seen; one spherical in shape, com- 
pletely within nucleus; another, pear-shaped, apparently escaping through 
a gap in the nuclear membrane, x 1680. 

Fig. 3. Case i. Refractile spherical inclusion in cytoplasm. The nucleus is 
pyknotic and irregular in shape, x 1680. 

Fig. 4. Case i. Two cytoplasmic inclusions are showm, one adjacent to a nu- 
cleus; another lies in a necrotic cell that has lost its nucleus and is desqua- 
mated into the lumen, x 1680. 
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Inclusions in Renal Epithelial Cells 


Plate 139 

Fig. 5. Case 2 . Renal tubules containing numerous inclusions, chiefly cyto- 
plasmic. Zenker fixation. Hcmatoxylin-eosin stain, x 720. 

Fig. 6. Case 2. Frozen section of kidney, myelin stain. Spiclmeyer*s method. 
The globules are stained black, x 100. 

Fig. 7. Case 2. Formalin-fixed tissue, washed, digested for 12 days with 
Merck’s tr>^psin. The outlines of the tubules are still recognizable. The 
globules resist digestion and stain with hematoxylin, x 700. 








Plate 140 

Fig. 8. Rat 15. Numerous refractile globular inclusions within nuclei of renal 
epithelial cells, following injection of bismocymol. Zenker fixation, hema- 
toxylin-eosin stain. 

Fig. 9. Rat 15. Kidney with intranuclear inclusions. Unstained frozen section 
after formalin fixation, x 720. 








GLYCOGEN-STORAGE DISEASE * 
THESAURISMOSIS GLYCOGENICA (von GIERKe) 

Eleakor M. HxjiEPHEEVS, M.D., AND KATStJji Kato, M.D. 

{From the Departments of Pathology and Pediatrics, University of Chicago, 

Chicago, III.) 

Glycogen-Storage disease was first described by von Gierke ^ in 
1929 when he reported the clinical and autopsy observations on 2 
cases. Their most unusual feature was the large size of the liver and 
kidneys, and the direct cause of enlargement was the accumulation 
of glycogen in quantities far beyond those commonly observed. 
Glycogen was found principally in parenchyma cells, a point of dif- 
ference from most storage disorders where the reticuloendothelial 
system is the principal depot. In a subsequent report ^ von Gierke 
emphasized the storage aspect of the condition and proposed the 
descriptive name ^‘Thesaurismosis glycogenica.” His report and the 
records of 10 proved cases reported since 1929 provide a basis for 
outlining the main features of this interesting disease. A disorder of 
infancy and childhood, it seems to be the result of defective me- 
tabolism, or at least defective mobilization of carbohydrates. The 
exact mechanisms concerned are obscure, but we know that gly- 
cogenic infiltration is not confined to the organs that are obviously 
enlarged. The type first described by von Gierke, in which the liver 
and occasionally the kidneys are hypertrophied and infiltrated vnth 
glycogen, has been designated as hepatomegalic or hepatonephro- 
megalic. Bischoff ® and Putschar^ first described a cardiomegalic 
type. We wish to present observations on 4 cases, 3 of them proved 
and 1 a probable example of cardiomegalic glycogen-storage disease. 

Case Reports 

Case 1. Clinical History: E. L., a male infant, and the first child of young, 
healthy parents, weighed gf pounds when bom on Oct. 20, 1932. Seemingly 
normal at birth, he took feedings poorly and often was constipated. When 3 
months old he had “influenza,” after which he coughed for i month. He gained 
weight slowly and weighed 14 pounds at 4^ months. He was brought to the 


* Received for publication May 14, 1934* 
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Bobs Roberts Memorial Hospital on March 15, 1933, because of moderate fever 
and cough of 4 days duration. 

The infant appeared malnourished, dehydrated, listless and extremely v.’eak. 
His temperature was 37.8° C. The skin was dry and cold and the tissue turgor 
poor. Cyanosis was observed, breathing was labored, and expansion of the 
chest was limited on the left side. Rales were heard over both lungs and there 
were signs of consolidation of the left lung. The heart was enlarged and a soft, 
blowing systolic murmur was heard at the apex and in the left raidaxillary line. 
A roentgenogram of the chest confirmed the impression that the heart was 
greatly enlarged and the left lung consolidated. The liver and the tip of the 
spleen were palpable. The scrotum was large and cystic and the head of the 
right epididymis was firm. The ery'throcj’te count was 3,300,000, with 75 per 
cent hemoglobin. The leukocytes numbered 15,800 with 51 per cent neutro- 
philes, 39 per cent lymphocj'tes, 8 per cent monocytes and 2 per cent eosino- 
philes. Examination of the urine was negative except for the presence of a few 
leukocytes. Wassermann and Kahn tests on the blood of the parents and a 
Kahn test on that of the infant were negative. The temperature rose to 39.4“ C 
before death, which occurred on March 16, 1933. 

The clinical diagnosis was left lobar pneumonia and probable right broncho- 
pneumonia; cardiac hj^jertrophy wdth mitral regurgitation, based on an organic 
(congenital) defect; and bilateral hydrocele. 

Anlopsy Report 

The autopsy was performed 12 hours after death. The body was 
64.8 cm. long, and weighed 6.14 kg. The lips and nailbeds were 
cyanotic. The skin was pale and loose, and edematous only in the 
scrotum. The chest was symmetrical save for a bulging right costal 
border below which the liver was felt. The abdomen w’as distended 
and the extremities appeared thin. Subcutaneous fat was scanty and 
the muscles of the trunk were extremely pale. The margin of the 
liver was 3 cm. below the right costal border, ll^nien the sternum was 
removed the heart was found to be enormously enlarged, with its 
left border in contact with the lateral chest wall and its right border 
1 cm. to the right of the sternum. The left lung was displaced back- 
ward and upward. The thymus, a .fleshy organ weighing 28 gm. (nor- 
mal range 6.3 to 19.3 gm.^) covered the upper half of the pericardium. 
The pericardial sac and the left pleural cavity each contained 10 cc. 
of clear fluid. 

The heart weighed 140 gm.* (29 gm.®). Measured in situ the 
length from the base of the ventricles to the apex was 10 cm., while 

* In this and subsequent notations the ‘‘normal "weights (cited in parentheses after 
those observed) are the mean weights of organs of children in the corresponding age 
group, as ^ven in the tables of Coppoletta and Wolbach.^ ^Vhere the age fell between 
two listed groups the weights for the older group were chosen. 
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the greatest transverse and anteroposterior diameters were 7.5 and 
5 cm. The apex was broad and the left margin and the anterior wall 
were rounded. The atria and auricles were small, but the walls of 
the ventricles were firm and thick and their large muscle structures 
encroached on the cavities. Measured between the muscle columns 
the right ventricle was 4 to 6 mm. and the left i to 1.4 cm. thick. 
The intact interventricular septum was i to 1.2 cm, thick, A probe 
could be passed through a small channel at the margin of the foramen 
ovale but the ductus arteriosus was closed. The valve circum- 
ferences were: tricuspid 6.2 cm., pulmonic 4 cm., mitral 5 cm., and 
aortic 3.5 cm. Marginal fenestrations were present in both sets of 
semilunar cusps. Both the mural endocardium and the epicardium 
were opaque. The exceptionally pale myocardium was reddish pink 
mottled with pinkish gray. A wide pale zone beneath the endo- 
cardium of the left ventricle had a peculiar glassy appearance. The 
coronary arteries were large, but like the large arteries and veins 
they were normally formed. 

The lungs were hyperemic and wet and the posterior third of the 
left lung was atelectatic. Beneath a group of pleural petechiae in the 
left lower lobe were several small, red, consolidated patches. The 
liver weighed 260 gm, (188 gm.) and had a smooth capsule. Its tis- 
sue was pale yellow-pink, with indistinct lobules, and was soft but 
not friable or greasy. The two kidneys weighed 60 gm. (50 gm.) and 
were cyanotic. The spleen, weighing 20 gm. (16 gm.), had firm, red- 
purple pulp and large malpighian bodies. The lymphoid tissue of the 
lower ileum and colon was hyperplastic, and the mesenteric lymph 
nodes were moderately enlarged while the other visceral nodes were 
small. Together the adrenal glands weighed 3.4 gm. and each had a 
thin pale cortex and a red-brown medulla. The tunics of both 
testicles were distended by clear fluid and a cystic hydatid was at- 
tached near the head of the right epididymis. The brain was not 
examined. 

Microscopic Examination 

Technique: Fourteen hours after death tissues were placed in 
Zenker’s solution and in formalin. Scarlet R was used to demon- 
strate fat. The complete series of Zenker-fixed tissues was embedded 
in ceUoidin and stained with hematoxylin and eosin. Sections of 
striated muscles were also stained with Mallory’s phosphotungstic 
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acid hematoxylin. Lacking material properly preserved for demon- 
strating glycogen the tissues fixed in formalin (heart, liver, kidney) 
were embedded in celloidin and stained with Best’s carmine. Sub- 
sequently this stain was applied to the Zenker-fixed tissues. Where 
sections of the same organ were compared glycogen v/as more abun- 
dant in the tissues fixed in formalin. The nature of the granules 
stained by carmine was checked by the simultaneous staining of con- 
trol sections. These included tissues known to contain glycogen, 
glycogen-free tissues, and in some instances saliva-digested sections 
of the tissues under investigation. 

Because of poor fixation and the interval of i week between fixing 
and embedding the tissues, positive observ^ations were more signifi- 
cant than negative ones. “W^ere glycogen was abundant large aggre- 
gates of coarse and fine red granules completely filled vacuolated 
cells, but in other regions their locations suggested diffusion arte- 
facts. We do not know whether or not artefacts are to be blamed for 
the occasional presence of granules in the interstitial tissues and in 
the lumens of ducts and blood vessels. Proof that some glycogen 
had escaped into the formalin preserving fluid was afforded by its 
milky opalescence. Treated with alcohol this fluid yielded a white 
precipitate with the physical and chemical properties of glycogen. 

Heart: The outstanding features are hypertrophy and vacuoliza- 
tion of the muscle fibers. The largest, up to 50 microns in diameter, 
lie close to the endocardium, and some of these probably are fibers of 
the Purkinje type. In the large muscle columns of the left ventricle 
many fibers measure 30 microns, while in the outer part of the wall 
most of them are between 20 and 25 microns in diameter. Most of 
the diameters in the wall of the right ventricle are between 15 and 20 
microns, and in the left atrium between 10 and 15 microns. In com- 
parison few fibers measuring more than 12 microns are found in a 
number of hearts of infants, 5 to 12 months old. 

In cross-sections almost all the fibers appear as round or poly- 
hedral spaces surrounded by thin mantles of dots, the cut ends of 
myofibrils. Where nuclei are transected they are sometimes located 
in the center of the axial cytoplasm, more often displaced periph- 
erally. They appear normal but some are unusually large. Longi- 
tudinal striations are distinct in fibers cut obliquely or lengthwise, 
but the fibrils often appear teased apart and broken off, especially 
where they approach large vacuoles. While the appearance of cross- 
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sections indicates that the axial spaces are continuous, in longi- 
tudinal sections they vary in width so that the fibers bulge irregu- 
larly. The apparent fragmentation of the fibrils is probably due to 
changes of direction caused by this bulging. Cross-striations are 
well defined in some fibers, indistinct where the fibril mantles are 
thin. Intercalated discs are not seen. 

Glycogen granules completely fill many of the fibers, and in others 
form crescents or rings about clear spaces. Granules are coarser and 
less uniform in size and distribution than in control sections. They 
fill every cell in the zone that grossly had appeared glassy. A few 
fine granules are seen in the interstitial tissue and in the lumens of 
blood vessels. The muscle fibers do not contain fat or lipoids. The 
endocardium is moderately thickened and fibrous. 

Skeletal Muscles: Comparable changes are found in the skeletal 
muscles where they are responsible for an unusual type of vacuolar 
degeneration, which we believe has not been described previously. 
In some fibers the vacuoles are so large that cross-sections are at 
first mistaken for fat cells. Similar changes, varying only in degree, 
are found in the cremasteric, rectus abdominis and intercostal mus- 
cles and in fragments of the pelvic muscles. Measurements of fibers 
of the rectus abdominis are as follows: average diameters for rela- 


tively normal fibers 25 microns, for swollen hyalinized fibers 35 
microns, range for moderately vacuolated fibers 30 to 45 microns, 
for extremely vacuolated fibers 50 to 90 microns, with most of them 
between 50 and 70 microns. -Normal” measurements for compari- 
son are not available. The muscle fibers of the newborn infant are 
said to measure 6 to 15 microns; the diameters of adult muscles show 
a wide range, from 17 to 100 microns, with the majority between 40 

In cross-sections few of the fiber sheaths are ffled m orderly 
fashion by the cut ends of myofibrils. In a few small fflers there are 
single centrally placed vacuoles, but in the majority the cut ends ap- 
pear as reticular networks with round or irregular spaces separatmg 
fibril bundles. Fibrils are sometimes in contact with tte sarcolenma 
and sometimes separated from it by an empty sht or ™g- 
peripheraUy located nuclei of the less vacuolated fibers are noi ma . 
but in those with large vacuoles the nuclei often , 

the sarcolemma, and often are pyknotic and distorted. Intemp 
with fibers of these types are empty or almost empty rings, g 
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to be fat cells until longitudinally cut sections failed to demonstrate 
fat infiltration. The discovery of an intermediate type of fiber identi- 
fies these rings as muscle sheaths. In this type the rings contain 
pyknotic and shrunken nuclei surrounded by halos of granular and 
fibrillar debris. Some of these tangled fibrils are beaded, almost cer- 
tainly identifiable as degenerating myofibrils. 

In fibers cut lengthwise the cross-striations are distinct when the 
sheaths are well filled with myofibrils. In many swollen sheaths the 
fibrils are grouped in thin and irregularly coursing bundles and cross- 
striations often are hazy or represented by unevenly spaced dots. 
Obviously the completely empty sheaths cannot be recognized with 
certainty but the intermediate type is easily identified. In the lat- 
ter, pyknotic nuclear remnants with their halos of debris are dis- 
tributed throughout the almost empty, irregularly bulging sheaths. 
In some, the granular debris is arranged so that it appears to sur- 
round vacuoles or unstained granules. In others, a few remnants of 
myofibrils still show cross-striations. 

Coarse and fine glycogen granules are demonstrated in many of 
these vacuoles and clumps of granules almost fill some of the nearly 
empty sheaths. In the sections of cremasteric muscle nearly every 
vacuolated fiber is well filled with glycogen. In other muscles 
granule-filled fibers are found side by side with seemingly similar 
fibers in which no glycogen is found. 

Liver: All the hepatic cells have pale foamy cytoplasm, and their 
small vacuoles and cell membranes are outlined by eosin. Most of 
the vacuoles are smaller than the nuclei, and in a few cells the nu- 
cleus is displaced peripherally. The sinusoids are narrow, and the 
nuclei stain normally. Fine glycogen granules fill many of the cells 
and in others are concentrated in crescentic masses along one side. 
Fine granules are present in the epithelium of the bile ducts and in 
the smooth muscle cells of the blood vessels. A few are seen in the 
interstitial tissues and in the vascular lumens. Fat is demonstrated 
in only a few liver cells. 

Kidneys: Precipitated protein is present in the glomerular spaces 
and tubules. The cells of the medullary tubules are unusually pale 
and swollen and contain considerable glycogen. In smaller quanti- 
ties glycogen is present in the epithelium of the loops of Henle and 
of some of the convoluted tubules. As in the liver, vascular smooth 
muscle cells contain glycogen, and coarse red granules and cliunps 
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lie in the lumens of a few medullary tubules. A few of the large pale 
epithelial cells contain granules which are stained orange by scarlet 
R, while red fat droplets are abundant in the epithehum of the corti- 
cal tubules. 

Lungs: In sections from the left lung we find hyperemia and 
edema, atelectatic foci and bronchopneumonic patches. A little 
glycogen is observed in the cells of the bronchial cartilages. 

Lymphoid Tissues: In the mesenteric Ijmiph nodes, the thymus, 
the ileum and the spleen the lymphoid tissues are hyperplastic. In 
the last two the lymph follicles have centers of large pale cells and 
fragmented nuclei. Glycogen is found in some of these pale cells and 
in large cells in the medulla of the thymus. 

Smooth Muscles: Axial vacuoles are seen in smooth muscle cells of 
the urinary bladder, the ductus deferens and many blood vessels, but 
not in the muscle cells of the ileum. Many of these vacuoles are lo 
to 12 microns in diameter and occupy most of the cross-section of 
the fiber, so that the affected muscle is pale and lacy. No glycogen is 
found, excepting in the vascular smooth muscle of the liver and 
kidneys. 

Other Organs: Glycogen is not found in the other tissues examined. 
The thyroid gland has small, colloid-fiUed acini lined by low cu- 
boidal epithelium. A few small hemorrhages are seen in the me- 
dullas of the adrenal glands. The pancreatic islets are not unusual 
but the acinar cells stain very irregularly because some are well filled 
with zymogen granules, while others have a pale vacuolated cyto- 
plasm. The nature of these vacuoles, which are often as large as the 
nuclei, cannot be determined. The genital organs are normal for the 
age. 


Case 2.* Clinical History: G. H.> a male twin 8 months old, was brought to 
the Rockford Hospital on March 27, i933) because of an acute illness with fever. 
He had developed normally for the first 2 months, and then had a senes of res- 
piratory infections, diagnosed as pneumonia on three occasions. He had been 
restless, had a poor appetite, and not only had failed to gain, but recently a 
lost weight. He weighed 12 pounds as compared with the weight of his con- 
trol” twin, 10 pounds. „ „ ^ 

The child was acutely ill and had a fever of 100 to 104 F. The hver was en- 
larged, and both physical examination and a roentgenogram demonstmted un- 

Our attention was directed to this case hy Dr. Joseph 

and we are indebted to the attending physician, Dr. ’ , Thpv also 

gist, Pi. H. D. Patoer, both ot Eoclfoid, HI., tor the data They also 

permitted us to examine the heart and prepare sections of the myocar i 
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usual cardiac enlargement. Bronchial breathing was heard on the left side pos- 
teriorly, but the lung fields visible in the X-ray film v.'cre clear. The urine con- 
tained no acetone or diacelic acid. Two blood cultures remained sterile. On 
March 29th the erythrocyte count was 4,400,000 with 79 per cent hemoglobin, 
and on March 31st 3,650,000 with 78 per cent hemoglobin. The corresponding 
leukocyte counts were 16,850 and 15,050, with 41 and 51 per cent ncutrophiles. 
Cyanosis appeared before death, which occurred on Afarch 31st. 

The clinical diagnosis was unexplained cardiac hypertrophy, possibly with 
endocarditis. 


Autopsy Report 

The body looked like that of an infant 4 or 5 months old. Edema 
was absent and the skin was wrinkled because of the scarcity of sub- 
cutaneous fat. The abdomen was distended. Each pleural cavity 
contained 25 cc. of fluid. In situ the greatest width of the heart was 
9 cm., as compared with the maximum transverse diameter of the 
chest, 14 cm. The heart was globular and had thick-walled ven- 
tricles, small cavities and normal septa and valves. At its thickest 
part the right ventricle measured 8 mm., the left 3.2 cm. (after fixa- 
tion 1.7 to 2.2 cm. in the regions between its huge muscle columns). 
The heart and lungs together weighed 360 gm. and the net weight of 
the heart was estimated as 260 gm. (37 gm.). The thymus v/eighed 
5 gm. The left lung was compressed and the right contained pneu- 
monic patches. The liver was large, contained much blood, and 
extended four finger-breadths below the ribs. The kidneys were 
of normal size. 


Microscopic Examination 

The findings are very similar to those in Case i. In the lungs are 
atelectatic foci, edema, h3^eremia and small pneumonic patches. 
The liver cells are filled with small vacuoles but contain no fat. The 
tubular epithelium of the kidney is swollen and minutely vacuo- 
lated. The general architecture of the myocardium is unchanged, 
but there is a striking hypertrophy with vacuolization of the muscle 
fibers without fatty change. Sections were prepared from various 
parts of the heart, after it had been kept in preserving fluid for 5 
months. We find the myocardial fibers differing from those of Case 
I only in that they and their more vesicular nuclei are larger. With 
the carmine stain their vacuoles are well filled with glycogen. The 
preserving fluid also contains considerable glycogen. 
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Case 3.* Chitical History: L. W., a female infant, 4 months old, weighed 7 
^unds and seemed normal at birth. For i month before admission to the Babies 
Hospital on Dec. 10, 1022, she had a cough and lost weight. For i week her 
ankles and wrists had been swollen. Fever was absent. She was admitted in a 
moribund state with physical signs suggesting pulmonary consolidation, and 
died 9 hours later. 


Autopsy Report 

The nutritional state was poor, edema was present in the extremi- 
ties, and there were many small dermal angiomas. The heart, large 
and globular, weighed 90 gm. (27 gm.). The left ventricle was 1.5 to 
2 cm. thick, the right 5 to 9 mm. The papillary muscles were large 
and the ventricles were not dilated. The myocardium of the right 
ventricle was firmer than that of the left and was pale pink. The 
lungs contained regions of congestion and of atelectasis, and were 
emphysematous anteriorly. The liver and kidneys were congested 
and were not enlarged. The liver was flabby and seemed somewhat 
fatty. The spleen was firm and contained conspicuous malpighian 
bodies. The lymphoid tissues were not hyperplastic. A few pete- 
chiae were seen in serous membranes. 


Microscopic Examination 

Sections of the liver and heart are almost identical with those of 
the preceding cases. There is little fat in the liver. The muscle fibers 
of the diaphragm are vacuolated, resembling the moderately vacuo- 
lated skeletal muscle of Case i. There is swelling of the epithelium 
of some of the renal tubules. The spleen has large malpighian bodies 
with centers of large pale cells and there are similar cells in the pulp. 
According to the protocol glycogen was demonstrated in formalin- 
fixed sections of the heart, but not in those of the liver. 

Case 4.f Clinical History: K. B., a female infant, si months old, was ad- 
mitted to the Harriet Lane Home on May 7, 1919, because of cough, weakness, 
restlessness and loss of weight during the past 2 months. This baby was weak 
from birth and had pneumonia at the age of 7 weeks. _ She was fairly well de- 
veloped but the nutritional state was poor. The left side of the chest bulged 

* This case is included with the consent of Dr. Martha WoUstein of New York City, 
who sent us microscopic preparations and the protocols. Both this and the fo owing 
case were found by one of us in a survey of hearts showing unexplained hypertrophy. 

t This case, which must be classed as presumptive because the pres^ce of 
was not proved, is included by permission of Dr. Edwards H. Park and Dr. Arno c 

of Johns Hopkins University. 
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and showed diminished expansion and dullness. No rfiles were heard and the 
heart sounds were clear and regular. A roentgenogram confirmed the suspected 
cardiac enlargement and revealed clear lung fields. The spleen and the liver 
were palpable. Dyspnea, high fever and increasing prostration preceded death 
at the age of 6 months. 

The clinical diagnosis was idiopathic hypertrophy of the heart. 

Autopsy Report 

The heart weighed 128 gm. (31 gm.). The wall of the right ven- 
tricle was 5 mm. thick, that of the left 1.7 cm. The papillary muscles 
were large. Valves and septa were normal and the ventricles were 
roomy but not dilated. There was no evidence of pneumonia. The 
liver weighed 290 gm. (200 gm.), the spleen 10 gm. (17 gm.) and the 
two adrenal glands 4 gm. 

Microscopic Examinaiioii 

The hypertrophy and axial vacuolization of the myocardial fibers 
are of the type seen in the other three hearts. Transverse striations 
are often indistinct and in some fibers the myofibrils appear finely 
granular. The muscle cell nuclei are vesicular. The hepatic cells and 
the cells of the collecting tubules of the kidneys are pale and foamy. 
The l)unphoid bodies of the spleen are small but some have centers of 
large pale cells. The lungs are edematous but no pneumonic foci are 
found. 


Review of the Literature 

Proved Cases of Glycogen-Storage Disease 

Because the criteria for clinical diagnosis are not well established, 
only those cases where unusual quantities of glycogen have been 
demonstrated in hypertrophied organs can be listed as proved cases. 
Von Gierke’s 2 cases were examples of the hepatonephromegalic 
type of the disorder. Chemical analyses of the tissues of his first pa- 
tient were reported by Schonheimer.^ Unshelm ® (Case 2) and EJm- 
melstiel ® described a case which might be designated as hepato- 
megalic, since the only significantly enlarged organ was the liver. 
Beumer andLoeschke,^° Loeschke,^^ and Schall added 2 cases of the 
same type, where the diagnoses were based on hepatic biopsies. 
Bischoff ® and Putschar ^ reported the first example of the cardio- 
megalic type. Pompe described a similar case, studied chemically 
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by van Creveld.^^ Pompe also gave brief notes on 3 other cases 
similar to his own, Antopol, Heilbrimn and Tuchman have re- 
cently described i case, and the case reported by Sprague, Bland and 
White should almost certainly be included in this group*. With 
the 3 cases here reported there are 5 proved examples of the hepatic- 
renal or hepatic type and 10 of the cardiac type. The essential data 
are presented in the following summary and table. 

Summary: Aside from some of the exceptionally large percentages 
of glycogen the most unusual feature has been the extent of enlarge- 
ment of the most affected organs. Livers weighing three to four 
times and hearts three to seven times the normal weights have been 
described. These figures are conservative, since the “normal” 
weights represent mean values for organs of children in the same age 
groups, while most of these children were subnormal in development 
and nutritional state. In most instances death was preceded by a 
severe respiratory infection. There were no significant anatomical 
abnormalities. Fats and lipoids were present in moderate amounts 
in some of the glycogen-rich organs, but often were absent. Their 
presence may have been partly responsible for hepatic enlargement 
in some cases.^ Inflammatory lesions were not associated with 
glycogen-storage and usually there were no proliferative changes. 
However, two of the affected livers had an increase of fibrous tissue, 
suggesting an early cirrhosis,^’®’® and in our Case i the endocardium 
was thickened. Retrogressive changes accompanied by nuclear de- 
generation were definite only in the skeletal muscle of the same pa- 
tient. Possibly the indistinct and granular appearance of the myofi- 
brils in some of the hearts represented early degenerative change. 
The th)mus and lymphoid tissues have been described as hyperplas- 
tic and as atrophic. The endocrine organs usually have been con- 
sidered normal, although in i case the adrenal glands were thought 
to be small ^ and other observers concluded that there were slight 
abnormalities in the islets of the pancreas. In most of the cases the 
brain was not studied in detail but in r instance it was especially 
rich in glycogen. ® 

Aside from the greatly enlarged organs there were differences in 
the distribution of glycogen. It was found in the heart in only i case 


* A personal communication from Dr. Tracy B. Mallory, who performed the au- 
topsy, states that carmine-stained granules were demonstrated m nearly every vacuo- 
lated fiber of the formalin-fixed myocardium. 
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of the hepatic group, but we are unable to state whether it was 
sought in the other 2 fatal cases. In the kidneys of the first child, and 
in those of infants of the cardiomegalic group, moderate quantities of 
glycogen were found, mainly in the epithelium of the medullary 
tubules. In contrast, von Gierke found much glycogen, chiefly in 
cortical tubules, in the enlarged kidneys of his tv/o patients.^ Fur- 
ther evidence of variation from case to case is ofTered by the com- 
ments on skeletal muscles. These were reported as containing little,^ 
much,®' and no glycogen,^- the last the report for an alcohol-fixed 
biopsy specimen. Part of the variability is probably attributable to 
technical imperfections. In several cases where glycogen v/as demon- 
strated only in the heart it seems likely that the pale foamy cells of 
the liver and kidneys also contained this substance; at least these 
cells were similar to hepatic and renal cells in which glycogen was 
abundant. 

The resistance of the glycogen in these tissues to postmortem 
hydrolysis has attracted much attention. It has been demonstrated 
in large amounts despite such unfavorable factors as preceding 
febrile and toxic states and intervals up to 24 hours between death 
and autopsy. Some of the large percentages recorded in the table 
represent analyses of tissues kept for several days in the ice-box. 

In I case hepatic glycogen decreased only from 14.2 to 13.67 per 
cent after 7 days storage.® Schonheimer found very little glyco- 
genolysis in a liver incubated for i week, while the glycogen of a con- 
trol specimen decreased to one-fifth of the original. Van Creveld^'* 
observed a decrease of cardiac glycogen from 7.96 to 6.74 per cent 
after incubating for 3 days at 37° C, and to 1.7 per cent in the same 
interval, after mixing with normal cardiac muscle. Other observers 
noticed the same susceptibility to digestion by the enzymes of nor- 
mal tissues, and, after extraction, by saliva.^ 

Other findings of interest were increased blood glycogen, high 
blood diastase,^ and liver amylase.® The possibility of famihal occur- 
rence was strongly suggested in 2 cases.®’ 

Probable Cases of Glycogen-Storage Disease 

Hepatic Type: Recently reported cases which resemble in many 
respects the proved cases of this type have been described by Snap- 
per and van Creveld,^^ van Creveld,^®’^^’^® Thoenes,^^ Exchaquet 22 
(3 cases), Schall (2 cases), Hertz,®-^ Biedermaim and Hertz 2® Zel- 
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son and Rauh,^^ Worster-Drought and Weber, 2^ Warner, Smith 
and O’Flynn (2 cases), and Unshelm (Case i).^ With the excep- 
tion of the last 3 these children were living when the reports were 
published. Their ages ranged from 20 months to 12 years. Both 
sexes were represented almost equally. A number of the older chil- 
dren were improved and seemed to be recovering after periods of 
observation covering several years. Evidences of hypophyseal dys- 
function were thought to be present in 2 cases. ^ Unshelm’s ® 

2 patients were siblings, as were Smith and O’Flynn’s 22 2 patients 
and Exchaquet’s 22 ^ . Interestingly the last-named were 4 year old 
twins of different sexes and their 12 year old brother, who seemed to 
be recovering from a disturbance similar to theirs. 

The only autopsy in this group was reported by Smith and 
0’Fl3mn.2'’ An undernourished boy, 6 years old, had a liver weighing 
2500 gm. (642 gm.) which had “plant-like’’ pale cells. They failed 
to demonstrate glycogen (method?) but found only a little fat in the 
vacuoles. They quoted the report of the autopsy on the patient’s 
20 months old sister who had a very large liver “in a state of ex- 
treme fatty degeneration.” This report did not specify the use of fat 
stains. That the large fatty liver and the large glycogen-rich liver 
may be confused is evident from the original diagnosis in von 
Gierke’s Case 2.^ In 2 other cases a diagnosis of enlarged fatty 
liver was made at exploratory operation but was not confirmed by 
microscopic study. 

Cardiac Type: No case of this type has been diagnosed during life. 
Since almost every heart in the group of proved cases was originally 
thought to be an example of idiopathic cardiac hypertrophy we 
might expect to find other cases of glycogenic cardiomegaly mas- 
querading under this diagnosis. We have little doubt that our Case 
4 should be listed here, and other hearts with suggestive descriptions 
are the one reported by Frola^” and possibly that of Steiner and 
Bogin. 3 ^ However, a review of the histological descriptions in other 
case reports and the study of other enlarged, normally formed hearts 
have convinced us that a group of unexplained or idiopathic cardiac 
hypertrophies remains. 

One other class of abnormal hearts, which may include examples 
of glycogen-storage disease, is the group of the cardiac rhabdomyo- 
mas, particularly the diffuse type. Case 3 of this report was tenta- 
tively placed in this group. Certainly Schmincke s description 
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reads like the descriptions of the hearts we have studied. Rehder’s 
case seems to represent a transition between the difituse and the more 
common nodular rhabdomyoma. Pompe has suggested that even 
the nodular forms may represent localized glycogen-storage disease 
as their vacuolated fibers are similar and have been shown to contain 
glycogen. In our cases, however, there were none of the supposedly 
characteristic “spider cells” (Ccsaris-Dcmel) and none of the ap- 
pearances suggesting the evolution of myofibrils, so well described 
by Wolbach.^^ The absence of these features and of the extracardiac 
lesions commonly associated with rhabdomyomas, and the presence 
of vacuoles in skeletal as well as cardiac muscle, led Dr. WoUstein to 
doubt whether her specimen (Case 3) should be classified as diffuse 
rhabdomj^oma. 

The question of the possible survival to later years of patients 
with glycogenic cardiomegaly is raised by the reports of Uehlinger 
and Levy and Rousselot.'^® Uehlinger attributed to diffuse cardiac 
rhabdomyomatosis the othenvise unexplained cardiac hypertrophy 
of a 20 year old laborer who died of tetanus. The heart weighed 
340 gm. and its large, vacuolated, fat-free fibers contained much 
glycogen. It was thought to resemble Rehder’s specimen more than 
Schmincke’s. The other patient, an 18 year old schoolboy, died of 
coronary embolism. The entire myocardium of the 750 gm. heart 
showed a peculiar vacuolar or “hydropic” degeneration, and few 
vacuoles contained fat. There were fibrous scars and infarcts in this 
heart, without evident arteriosclerosis. Although large, vacuolated, 
glycogen-rich fibers often may be demonstrated at the margins of 
infarcts, this report emphasized the universal distribution of vac- 
uoles. Moreover, save for scarring, the photomicrographs ac- 
companying the report are almost identical with those of our cases. 

Possibility of Other Types: Van Creveld discussed the possible 
occurrence of types with other major localizations and of local types. 
He cited Deelmann’s observation of glycogen-rich, hypertrophied 
smooth muscle cells, once in the pylorus of an infant with congenital 
pyloric stenosis and once in that of a woman 31 years old, who had 
gastric complaints from infancy. Van Creveld failed to find gly- 
cogen in a second case of infantile pyloric stenosis. This association 
of hypertrophy and glycogen-richness may or may not be significant. 
We know little of glycogen in smooth muscle, save that it may be 
found in normal cells.®^ 
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Ejfecls of Glycogen-Storage Disease 

^ Cardiac Type: For the most part these infants were normal at 
birth, but weakness and retardation of development were noticed 
earl}^ and difficulties in feeding were common. Respiratory infec- 
tions were frequent, often recurrent. Less constantly observed 
abnormalities were hepatic enlargement, constipation, flabbiness of 
the muscles, periods of rapid breathing and of cyanosis, tachycardia, 
cardiac murmurs and edema. The only electrocardiogram showed a 
sino-auricular tachycardia and normal axis deviation.^® No meta- 
bolic studies have been made, but in contrast to the other group, 
ketonuria has not been observed. 

Hepatic Type: These children, too, seemed norrhal at birth, but 
after periods of several days to i year abdominal or hepatic enlarge- 
ment was noticed. Retardation of growth was evident after a few 
months, with height increase lagging more than weight increase. In 
some cases the bones were delicate and epiphyseal differentiation was 
delayed. Usually the muscles seemed fairly well developed but 
flabby, and the amount of subcutaneous fat was variable. Often 
walking was delayed. Mental development was unaffected and 
symptoms referable to the heart and kidneys were negligible. Car- 
bohydrate hunger was a symptom often commented on by the 
parents. Many of these children had recurrent infections, usually of 
the respiratory tract. 

Metabolic studies were most complete in the 2 proved cases diag- 
nosed by biopsy and in certain of the presumptive cases. Some 
of the abnormalities of the carbohydrate metabolism are surprising 
in view of the large stores of glycogen present in the body. The blood 
sugar in the fasting state has always been low, usually less than 60 
mg. per cent. Moreover, even with concentrations as low as 19.5 mg. 
per cent (Folin) the symptoms commonly associated with spon- 
taneous hypoglycemia were absent. Usually a ketonuria was present 
in the fasting state, and ketone bodies disappeared slowly after eat- 
ing. In a few instances ketosis was associated with vomiting. One 
of the most unusual features has been the failure of adrenalin to in- 
duce an appreciable increase of blood sugar or blood lactic acid, and 
to diminish ketonuria. This refractoriness to adrenalin is in contrast 
to the hypersusceptibility to insulin, small doses of which lowered the 
blood sugar and induced the symptoms of hypoglycemia, absent with 
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the spontaneous hypoglycemias. After ingesting dextrose the blood 
sugar curves have commonly risen to levels high in relation to the 
fasting values, but well below those observed in diabetes mellitus. 
The elevations have been prolonged, sometimes biphasic, and usually 
maintained for 3 or more hours. Even with relatively large amounts 
of dextrose glycosuria has not been observed. Other sugars gave 
similar curves and there has been no evidence of impaired tolerance 
for galactose and levulose. Tests for other types of impairment of 
hepatic function have failed to show significant deviations from nor- 
mal. High normal or increased amounts of blood glycogen have been 
found, and while the data arc not altogether in agreement, there 
have been no striking abnormalities of the diastatic ferments of the 
blood. Some observ^ers have reported marked increases in the urin- 
ary excretion of diastase. 


Discussion 

With 15 proved and many probable cases reported since 1929 
glycogen-storage disease probably is not a condition of extreme 
rarity. It is not impossible that milder tj^Des, transitory phases and 
other anatomical varieties of this disorder may occur. The elucida- 
tion of its mechanisms and characteristics requires the collaboration 
of the clinician, the chemist, the physiologist and the pathologist. 

An immediate problem for the pathologist, suggested by the in- 
adequacies of many of the methods used, is the proper handling of 
the tissues secured by biopsy or at autopsy. Perhaps it is super- 
fluous to mention the desirability of chemical analyses, although we 
failed to appreciate it at the time of our autopsy. Satisfactory 
methods of preserving tissues and the use of proper controls of stain- 
ing technique are essential to prevent erroneous conclusions, espe- 
cially as to the absence of glycogen. While other fluids may be 
superior we have found that one of the best simple solutions for pre- 
serving glycogen in tissues is the one recommended by Bartelmez 
and Bensley and by Burghgraeve.®® This is a mixture of absolute 
alcohol and formalin, 9 parts to i. Best’s carmine is the most de- 
pendable stain and may be applied to sections embedded either in 
parafiin or in celloidin. Some artefacts seem to be inevitable but 
errors of interpretation may be avoided by using control sections 
known to contain glycogen, and sections treated with saliva for 30 
minutes before staining.^® 
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^ The lack of “normal” standards makes it difficult to interpret the 
significance of the moderate amounts of glycogen found in the non- 
hypertrophied organs. Of the many reports in the literature few 
attempt to correlate glycogen content with such factors as age, 
cause of death, interval between death and autopsy, and so on. Sys- 
tematic studies prove that these factors are important. ^2 Qn 
the other hand, the amounts of glycogen found in some of the en- 
larged organs are surprisingly large. Compared with FrankeFs 
figures for normal skeletal muscle 0.5 to 2 per cent (the latter for the 
glycogen-rich muscle of the horse), the 9.39 per cent of glycogen 
found in the skeletal muscle of Pompe’s patient by van Creveld is 
amazingly high. The cardiac muscle of the same child contained 
7.96 per cent of glycogen. Cardiac muscle is said to contain as much 
glycogen as skeletal muscle, possibly more, but loses it more quickly 
through postmortem glycogenolysis. The highest value we have 
found is 1-2 per cent for the heart of a dog after carbohydrate feed- 
ing,^2 jjijg normal human kidney is supposed to contain very little 
glycogen. In diabetes mellitus Popper and Wozasek^^ found 1,64 
per cent the maximum value for renal glycogen in their series (26 
cases), while Schonheimer observed nearly four times that amount, 
6.53 per cent, in the kidneys of von Gierke’s first patient. The 
figures 9.13 per cent,^^ 10.43 cent,^ and 14.2 per cent,® certainly 
represent large quantities of hepatic glycogen, although similarly 
high values are said to occur in other conditions. However, Popper 
and Wozasek’s analyses of 177 human livers yielded maximum 
values of 6.17 per cent after sudden death, and 8.50 per cent in dia- 
betes mellitus. In analyses of the livers of 44 infants and children 
“made at the time of death” Burghard reported a maximum of 
5.2 per cent (diphtheria), and found only 5 with glycogen in excess of 
2 per cent. In feeding experiments in animals, however, values 
above 20 per cent have been attained.^®- 

The identity of the cardiac and hepatic types of glycogen-storage 
disease is not proved, although it seems probable that the basic de- 
fect is a common one. The absence of frank cardiac enlargement does 
not exclude moderate involvement of the heart in cases of the hepa- 
tic type, such as was seen in the youngest child in the group.®' ® 
Many, if not all, of the children in the cardiac group had a simlarly 
moderate involvement of the liver and kidneys. The strikingly 
earlier mortality in the second group may mean merely that the child 
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with cardiomegaly is more seriously handicapped and v/ithstands in- 
fections poorly. We do not know whether or not %vith survival and 
seeming recovery there arc residual metabolic or anatomical abnor- 
malities. All that we know of the metabolic functions of the infants 
with cardiac disease is the fact that the ketonuria so characteristic 
of the hepatic type may be absent. On the other hand, even some of 
the “cardinal” symptoms of the hepatic type may be secondary, a 
statement suggested by the experiments of Junkersdorf.'^® By forced 
feeding with carbohydrate or with fat he was able to produce en- 
largement of the liver and hypoglycemia in young dogs. He regarded 
the hypoglycemia as hepatogenic, caused by overloading the liver 
cells with glycogen or fat, resulting in “mechanical” interference 
with their blood sugar-regulating functions. Obviously the separa- 
tion of the basic from possible secondary metabolic defects would be 
facilitated by metabolic studies in non-hepatic types of the disease, if 
they could be recognized during life. Our Case i suggests a possible 
usefulness for biopsies of skeletal muscles in identifying such cases. 

The removal of even a limited number of conditions from the un- 
satisfactory category, “idiopathic,” encourages the investigation of 
other unexplained disorders of childhood. In view of the observa- 
tions already made we might well examine critically the rare cardiac 
rhabdomyomas,*® hypertrophic pyloric stenosis,*** and the non- 
neurogenic diseases of skeletal muscle, especially the progressive 
muscular dystrophies. Obviously we must avoid the error of at- 
tributing too much significance to the presence of small amounts of 
glycogen, even in enlarged organs. It is equally obvious that con- 
ditions characterized by vacuolization should not be designated as 
“fatty” or “hydropic” without an attempt to identify the contents 
of the vacuoles. The search for glycogen in the tissues of the child 
with glycogen-storage disease is facilitated by its presence in such 
large quantities and by its resistance to spontaneous glycogenolysis. 
Furthermore, experience has shown that the search is not necessarily 
futile, even with tissues that have been improperly fixed or preserved 
for some time. Our own experience has confirmed the statement of 
Bartelmez and Bensley®® that glycogen may be surprisingly well 
preserved in tissues fixed in Zenker’s solution and embedded in 
celloidin. 

It is essential to recognize that many s3Tnptoms and even com- 
binations of some of the more unusual s)mptoms of glycogen-storage 
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disease may be shared by quite different diseases. This is true of cer- 
tain types of hepatic cirrhosis, the peculiar syndrome described by 
Parnas and Wagner and the famous case of Wilder and his co- 
workers.^8 Parnas and Wagner’s patient had many symptoms re- 
sembling those of glycogen-storage disease, but eventually de- 
veloped typical diabetes mellitus. Wilder’s adult patient had per- 
sistent h>q)oglycemia and was refractory to adrenalin with respect 
to its blood sugar-elevating function. The point of special interest 
for us is that this refractoriness did not imply glycogen-impoverish- 
ment. At autopsy an insulin-secreting carcinoma accounted for the 
h>'poglycemia, and the liver contained 8.25 per cent of glycogen. 
These examples merely serve to emphasize the fact that, at least for 
the present, the certain identification of glycogen-storage disease 
rests on the examination of tissues obtained at autopsy or by biopsy. 

The most common assumption to account for the peculiarities of 
glycogen-storage disease has been that it represents a prolongation 
of fetal or infantile behavior with respect to the metabolism of car- 
bohydrates. It is quite generally recognized that glycogen is abun- 
dant in the tissues of the fetus, even in tissues that contain little 
glycogen in the mature organism. The glycogenolytic capacity of 
fetal tissues is said to be slight. Furthermore, clinical evidence indi- 
cates that the carbohydrate-mobilizing mechanisms are poorly de- 
veloped in the infant. In the proved cases of glycogen-storage dis- 
ease morphological changes, which would implicate the endocrine 
organs and the nervous structures concerned in carbohydrate meta- 
bolism, have been lacking. Most observers have concluded that the 
defect probably lies in the affected tissues. Among the explanations 
offered are deficiency of ferments, binding of enzyme or protection of 
substrate, the presence of a heterotypical glycogen, and inhibition of 
hydrolysis by unfavorable reaction or by the accumulating products 
of hydrolysis. To understand the mechanisms we certainly need a 
more exact knowledge of normal carbohydrate metabolism, espe- 
cially with respect to the mobilization of glycogen, than we have 
today. The fact that glycogen-storage disease occurs as an in- 
fantile disorder, probably congenital, and possibly familial, invites 
comparison with the interesting class of metabolic diseases char- 
acterized by Garrod as ^^inborn errors of metabolism. Interest- 
ingly most of these congenital or familial metabolic disorders are 
attributed to abnormal enz3matic functions. 
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Summary and Conclusions 

Glycogen-storagc disease {Thesaurismosis glycogcnica, von Gierke) 
is a disorder of infancy and childhood, possibly familial, and affect- 
ing both sexes. It is characterized anatomically by organ enlarge- 
ment and the storage of glycogen chiefly, but not exclusively, in the 
enlarged organs. Two main types have been delimited, glycogenic 
hepatomegaly or hepatonephromegaly, and glycogenic cardiome- 
galy. The affected organs may attain great size and may contain 
glycogen in unprecedented amounts. One peculiar feature is delayed 
postmortem glycogenolysis and the search for glycogen has been suc- 
cessful in spite of adverse circumstances and imperfect techniques. 
In only a few instances has glycogen-storage been associated with 
degenerative or proliferative changes. At least in the hepatomegalic 
type clinical studies have seemed to point to an impairment of the 
mechanisms concerned in the mobilization of glycogen and the regu- 
lation of the blood sugar. Less is known of the cardiomegalic type. 

We present the clinical and autopsy studies of 3 proved cases and 
I probable case of cardiomegalic glycogen-storage disease. The 
weights of the hearts w^ere 3.3 to 7 times normal, and the m3^ocardial 
fibers were enlarged, vacuolated, and (in 3 cases) filled with glycogen. 
It is probable, though proved only in i case, that the liver and kid- 
neys were affected similarly but to a lesser degree. In 2 cases the 
skeletal muscles showed an unusual type of vacuolar degeneration, 
and in i of these the vacuoles contained much glycogen. This report 
brings the total number of proved cases to 15. 
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Fig. I. Case 2. Glycogenic cardiomegaly. This heart v/cighed 260 gm., about 
seven times normal for the age, 8 months. The increase in size was due to 
general enlargement of the organ, without dilatation. Photograph 10 per 
cent larger than actual size of the fixed heart. 

Fig. 2, Case I. Glycogenic cardiomegaly. Photomicrograph demonstrates the 
lacy appearance of the myocardium resulting from the almost universal 
vacuolization of the muscle fibers. Mallory’s phosphotungstic acid hema- 
toxylin stain. X 75. 

Fig. 3. Case i. Photograph of the large myocardial fibers cut obliquely or 
transversely. Mantles of myofibrils surround seemingly empty axial spaces. 
In sections stained with Best’s carmine these vacuoles v/ere more or less 
completely filled with glycogen granules. Mallory’s phosphotungstic acid 
hematoxylin stain, x 310. 
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Fig. 4. Case i. Skeletal muscle. I’hotomicrograph of a single swollen muscle 
fiber cut lengthwise. The bulging sarcolemma contains scattered degenerat- 
ing nuclei and granular and fibrillar debris. In carmine-stained sections 
some sheaths of this type were filled with coarse glycogen granules. ]Mal- 
loiy’s phosphotungstic acid hematoxylin stain, x 550. 

Fig. 5. Case i. Skeletal muscle. Photomicrograph shows large fibers of the 
type seen in Fig, 4, alternating with compact, deeply-stained normal fibers 
and with others whose sparser fibrils appear as if teased apart. Mallory’s 
phosphotungstic acid hematoxylin stain, x 550. 

Fig. 6. Case 1, Skeletal muscle. Photomicrograph of muscle fibers cut trans- 
versely to show various degrees of vacuolization and degeneration. The 
nearly empty sheaths are cross-sections of fibers of the type seen in Fig. 4. 
The retraction of some of the sarcolemma sheaths may have been caused 
by shrinkage. Malloiy’s phosphotungstic acid hemato.xylin stain, x 550. 



American Journal or PATuoLooy. Vol. X 


Plate 142 



Humphreys and Kato 


Glycogen-storage Disease 




ALTERATIONS IN MINERAL CONSTITUENTS OF ANTERIOR 
HORN CELLS IN EXPERIMENTAL POLIOMYELITIS * 

W. E. Patxon, M.D. 

(From the Anatomical Laboratory, Washington University School of Medicine, 

St. Louis, Mo.) 

The observations herein reported form part of a comprehensive 
study of the reactions of cells to viruses. The technique is that of 
microincineration already utilized in this laboratory for investiga- 
tion of the alterations provoked by the salivary gland virus of guinea 
pigs (Scott and the viruses of rabies (Covell and Danks ^), fowl- 
pox (Banks yellow fever (Cowdry and herpes (L. E. and E. J. 
Rector . The method, as introduced by Policard ® and modified by 
Scott,’ makes possible the exact topographical localization of the 
mineral constituents within a single cell, after the removal of its 
organic constituents by a process of burning. It is easily possible to 
control the observations by comparing the ashed section with the 
next following stained section of the same cell. When one considers 
the important role played by inorganic salts in cellular permeability 
and the colloidal organization of the cytoplasm the importance of 
accurate data on changes in their distribution is evident. 

Material aistd Methods 

Material was obtained from the spinal cords of 43 monkeys ex- 
perimentally infected with poKomyelitis by intracerebral injection of 
a virulent cord emulsion. The animals were sacrificed at various 
periods of nerve involvement ranging from slight fibrillary tremors 
to complete prostration. Tissue from the spinal cords of 10 normal 
monkeys was used as control. Pieces 3 to 8 mm. thick were removed 
from the cervical (fourth to sixth) and lumbar (third to fifth) en- 
largements and immediately fixed in 10 per cent formahn in absolute 

* Aided by (i) the Milbank Fund for the study of Infantile Paralysis, (2) a grant 
horn the Rockefeller Foundation for research in virus diseases, and (3) an appropria- 
tion from a grant made to Washington University by the Rockefeller Foundation for 
research in science. 

Received for publication June 3, 1934. 
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alcohol, Zenker’s fluid, and Zenker’s fluid without acetic plus lo per 
cent formalin. In some cases Zenker’s fluid was applied by perfusion 
through the blood vessels. 

The absolute alcohol -formalin fixative was recommended by 
Scott * to prevent solution or displacement of inorganic salts in cells 
prepared for microincineration, while at the same time preserving 
the cytological structure. Full details of the technique of micro- 
incineration are given by Scott.® 

All sections were cut at 4 microns, since it was found that in 
thicker specimens the nerve cells showed a marked tendency to 
shrinkage during incineration. Even at this thickness the outlines 
of the smaller cells may be contracted in the ashed preparation, but 
the larger cells reproduce almost exactly the size and shape of the 
control stained section, or show only such variation as is seen between 
the outlines of a nerve cell in two consecutive sections. The phe- 
nomenon of shrinkage may give rise to a heavy ash about the cell 
membrane, which may lead to the erroneous impression of a periph- 
eral concentration of mineral matter. In the perfectly prepared 
specimen such an appearance has not been noted. It was found that 
slides incinerated on days when the humidity was unusually low 
presented a clearer picture than those prepared when the air con- 
tained more moisture. Even during the short time required to cool a 
slide the ash particles may sometimes absorb enough moisture to 
cause a yellowish to dark brown coloration which may be confused 
with the amber or reddish tint so characteristic of iron-containing 
tissues. It may also resemble the appearance of sections in which 
carbon remains after incomplete incineration. The color alteration 
due to moisture, however, disappears immediately after heating over 
a Bunsen flame and may be attributable to a change in the refractive 
properties of the ashed particles brought about by the deposition of a 
thin film of water on their surface. 

After the other fixations the sections were cut 5 microns thick and 
stained with hematoxylin and eosin, Giemsa’s stain, erythrosin-azur 
or phloxine-methylene blue. The purpose of this was to have at hand 
an abundance of material prepared by ordinary routine methods to 
illustrate the well known reactions of the cells to the virus for com- 
parison with the results secured by the new incineration technique. 
But for making the detailed topographical comparison serial sections 
of the formalin-alcohol preserved tissues were cut, alternate ones 
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being mounted with double filtered absolute alcohol (for incinera- 
tion) and with egg albumin (for staining). Observations were 
limited to those involving identification of the same cell in consecu- 
tive sections after incineration and staining. This was done by not- 
ing its position in relation to the outline of the anterior horn, its 
proximity to such landmarks as blood vessels, and the similarity of 
cell outlines in the two sections. 

For observation of the specimens two Zeiss binocular mono- 
objective microscopes were set up side by side, one equipped with the 
usual Abbe condenser for examining stained slides, the other with a 
Zeiss cardioid condenser for dark-field study of the incinerated pre- 
parations. The lens systems on the two microscopes were identical. 
This permitted accurate judgment of shrinkage, distortion and other 
changes. As a light source a large Spencer lamp (No. 394) fitted with 
a Projection Mazda, 500 W, 115 V, General Electric bulb and with- 
out a daylight filter was used. When one becomes accustomed to the 
yellowish hght provided by this arrangement it is found that color 
discrimination is in no way interferred with. To guard against the 
possibility of confusion from structural color (Mason ^°) the dark-field 
observations were checked with incident light from a lamp adjusted 
in such manner that the beam fell directly on the specimen. This 
arrangement, of course, could not be employed when an ordinary 
immersion lens was used. It was found that some of the bluish color 
in certain structures was not so marked with direct lighting, giving 
some support to the theory that this might be due to a refractive 
phenomenon. It cannot be said, however, how much of the color 
loss is attributable to the distinctly inferior lighting which is ob- 
tained with incident illumination. If, as Mason believes to be true 
for similar materials, the bluish color of this type of preparation is 
due to a dispersion phenomenon it is still significant since it indicates 
a definite localization of cellular substance which differs either physi- 
cally or chemically from that in adjacent areas. 

Observations 

Attention was confined to the large somatic motor cells of the 
spinal cord in an effort to determine the sequence of changes in 
neural constituents and to characterize each alteration as accurately 
as possible. 
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Normally these cells contain rather less inorganic material than 
the Purkinje and spinal ganglion cells described by Scott,® The cyto- 
plasmic ash is made up of an extremely finely divided and evenly 
distributed dust-like residue usually of a more or less bluish hue, as 
already reported (Patton ^0- In this background are found small 
masses of heavier, flat white material, which in distribution and 
shape correspond to the Nissl bodies, as seen in the immediately fol- 
lowing or preceding control-stained section of the same cell. Close 
study shows that these masses have a faint but distinct yellow color 
— a property that may indicate the presence of iron. The nuclear 
membrane gives a denser and more pronounced ash than the cell 
membrane. The nucleoplasm does not leave a uniform fine residue 
like the cytoplasm. Instead its background has a vacant appearance. 
Set here and there are a few rather definitely outlined clumps of 
yellowish residue. These probably remain from the particles of iron- 
containing material in the nuclei featured by Nicholson.’^ 

Three stages, which merge the one into the other, may be 
recognized in the alterations resulting from virus action. These 
are represented by the three pairs of figures on the plate. The 
figure on the right of each pair represents the mineral skeleton of 
a single cell cut in section and viewed in the dark-field, while the 
one on the left is the immediately adjacent section of the same 
cell, not incinerated but colored in the usual way with hematoxylin 
and eosin. 

I. Stage of Edema {Figs, i and 2): The first change is what Nissl 
called “acute swelling.” When examined in stained preparations the 
outlines of the cells are seen to be rather rounded and swollen, but 
the cellular membranes remain intact. The Nissl bodies are lost by 
“chromatolysis,” first near the nuclei but later throughout the cyto- 
plasm. The cytoplasm becomes very pale and looks uneven. The 
nuclear changes are noticeable soon after the loss of Nissl bodies and 
represent the first signs of the severe cell injury, which ultimately 
ends in death. The nucleus, like the cell body, first becomes swollen 
but later tends to shrink, with a wrinkling of the nuclear membrane. 
It may be displaced and occupy an eccentric position. The tendency 
is toward a peripheral migration of the basophilic chromatin, which 
remains plastered on the membrane; but some of it may still be seen 
as small, deeply staining, beady granules or as stellate, irregular 
masses in a net attached like a spider’s web to the nuclear mem- 
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brane. It is in cells during this stage that the “nuclear inclusions” 
of Coveil and Hurst first make their appearance. A large one is 
represented above and to the right of the spherical nucleus and a 
smaller one above and to the left in Figure i. They are sharply out- 
lined, spherical globules ranging in size from minute specks to 
bodies of 3 to 4 microns in diameter and are amphophilic in staining 
property, but may be made to appear acidophilic by var3dng the de- 
gree of differentiation. Sometimes the inclusions seem to have a 
darker center with a lighter periphery — probably a refraction phe- 
nomenon, because the ring disappears on slightly altering the focus 
of the microscope. On no occasion has a halo been observed, such as 
is described by Nicolau and Galloway for the nuclear inclusions in 
Borna disease. These bodies may be numerous within a single 
nucleus. As many as 8 or 10 have been counted in one cell. In gen- 
eral it may be said that they tend to be smallest when they are most 
numerous and vice versa. Eventually, in every case, the nucleus be- 
comes completely filled with the granular amphophilic material, in 
the midst of which an unaltered nucleolus may be distinguished by 
its basophilic staining properties. 

Microincineration shows that there is a gradual and parallel 
diminution in the amount of mineral matter (Fig. 2) . The cytoplasm 
is represented by a thin, finely divided, evenly distributed ash simi- 
lar to that left by the non-sf ainable cytoplasm of the normal cell, but 
the residue of the Nissl bodies does not appear. The nuclear mem- 
brane is rendered more prominent by the peripheral migration of 
basophilic chromatin and appears as a heavy white line studded with 
clumps of ash. This observation lends additional weight to Scott’s 
statement that most of the mineral matter of the nucleus is located in 
the basophilic chromatin. The inclusion bodies are too small to ex- 
tend through two sections but at this stage in development they 
yielded a small amount of ash. A few of the yellowish ash masses are 
identifiable and the large, conspicuous nucleolus yields a dense, flat 
white residue. 

2. Stage oj Increase in Mineral Matter {Figs, j and 4): Up to this 
point the nucleus and cytoplasm have shown fairly simultaneous 
changes, but here the parallelism ceases. When both continue they 
pursue a similar sequence of alterations in every case but either may 
outstrip the other in the rate at which they occur. Thus we may find 
a nucleus in the last stages of degeneration while the cytoplasm 
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shows only the earliest alteration, a condition that causes consider- 
able confusion, but no inconsistency of the picture. 

In stained sections the pallid cytoplasm begins to be marked here 
and there with clouded areas, the alteration spreads, and soon the 
entire cell body takes on a deeper color with basic dyes — darker 
even than the nucleus. The outlines of the cell are sharp and well 
defined, and although no marked shrinkage may be noted, tend to 
approach those of the normal neurone. As the hyperchromia de- 
velops the cytoplasmic contents, colored in this way, become a mass 
of deep blue-stained granules, translucent, thickset, filling the entire 
cell and all its processes. Vacuoles may appear. The granules do not 
remain unaltered long; they tend to coalesce, resolve or concentrate 
themselves into small, dense, dark beady masses which are seen 
against a spongy reticulum (Fig. 3). When viewed vdth high magnifi- 
cation and strong illumination the larger ones assume the appear- 
ance of ringlets, which appearance fades with a slight change in 
focus. Such rings in other cells were pointed out by Nissl as being 
the chief characteristic of what he called ^‘sdrivere Zcllvcriindcrung” 
although Spielmeyer observes that he has seen them occasionally 
in man and less frequently in animals. The possibility that these 
granules might be pigment was considered. Their size, shape and 
distribution, as well as their constant presence in alcohol-fixed tis- 
sues, tends to rule out pigments of the fatty type. Sections stained 
with methylene blue alone, in which the granules took the stain in- 
tensely in every instance, were studied. As a final check serial stained 
and unstained mounted sections were examined. Cells that shov/ed 
the granules in the colored section showed no trace of yellowish 
coloration in the unstained preparation. 

The nucleus, last described as being filled with minute spherules 
of var3dng size, meanwhile undergoes some alterations. Without 
variation in amphophilic staining qualities the spherules coalesce 
and the nucleus becomes a contracted, partly homogeneous mass. 
Within it may be seen one or more round bodies of somewhat darker 
material, one of which may represent the nucleolus, others remains 
of the nuclear material which have not melted into the mass. Com- 
pare the nuclei in Figures 1 and 3. 

It is in cells at this stage of degeneration that neuronophagia is 
first observed. The entire cytoplasm and its formed constituents 
seem to be engulfed by the phagocytic invaders. But some de- 



MINERAL CONSTITUENTS IN EXPERIMENTAL POLIOMYELITIS 62 1 

generating cells escape phagocytosis, for some of them are observed 
even in the last stages of degeneration without even so much as a 
marked satellitosis. 

Microincineration of such cells reveals a striking change (Fig. 4) . 
The cytoplasmic ash, which formerly had been less in amount than 
that seen in the normal nerve cell, is increased with the onset of the 
cytoplasmic clouding. It continues to increase with the granular 
change, reaching a maximum at the stage in which the deeply 
stained, shotty, basophilic granules are present. When seen at low 
magnification attention is immediately attracted by these bril- 
liantly retractile clumps of ash within the anterior horn. Close 
inspection gives the impression that this dense cytoplasmic ash 
is piled on the slide. The cell outlines are distinct; there is little 
shrinkage. The ash shows from the first an increased tendency to 
arrange itself in clumps, and is composed of coarsely granular, 
white, glistening, glassy particles. The cell processes share in the 
increase of inorganic material and are represented as brilliant 
streaks in the gray matter. 

The nuclear picture may be obscured by the overlapping of a rim 
of cytoplasm or by the scattered bits of ash representing the baso- 
philic chromatin. Some cases may be found, however, in which the 
cytoplasmic mineral is excluded. Such sections indicate that the 
amphophilic homogeneous material contains a small amount of in- 
organic matter in the form of a finely divided, film-like ash, flat white 
or bluish, and evenly distributed. On some the chalky residue of the 
nucleolus is seen, not strikingly diSerent from that found in the nor- 
mal neurone. This is the last stage in which the nucleolus can be 
identified, in either stained or incinerated sections. What its 
subsequent fate may be, whether it is absorbed, destroyed by rhexis 
or extruded, could not be determined. 

The neuronophagic foci leave an ash dependent on the amount of 
cytoplasmic mineral matter of the cell attacked. If a granular hyper- 
mineralized cell is being destroyed the incinerated focus presents the 
brilliant ash characteristic of such cells. Apparently the process of 
neuronophagia is carried on without change in inorganic constitu- 
ents, The scavenger cell can incorporate and, as it were, digest the 
entire abnormal mineral content of the dying neurone. 

5. Stage of Necrosis (Figs. 5 and 6): Comparison of Figures 5 and 
and 6 with 3 and 4 will demonstrate how marked are the changes 



622 


I’ATTON 


that occur slowly and by imperceptible gradations in the living 
animal. 

Study of stained sections indicates that as the cells become acido- 
philic the cytoplasmic granules may be phagocytosed, extruded, or 
disappear by some not easily explainable process, perhaps by lysis. 
Similar granules may sometimes be seen in polymorphonuclears 
near the site of the lesion or cxtraccllularly in the gray matter, espe- 
cially near necrotic cells. The dead, acidophilic cytoplasmic debris 
left behind usually contains numerous large vacuoles, which are 
not illustrated in Figure 5. 

The amphophilic and almost homogeneous nucleus becomes more 
and more acidophilic. This alteration in reaction may occur in cells 
still containing granules, but generally appears approximately coin- 
cident with their disappearance. The final nuclear picture, then, is 
that of a rounded, acidophilic, clear homogeneous lump separated 
from the cytoplasmic remains by an empty shrinkage space. 

Cells of this type are usually removed by neuronophagia. Others 
may be seen in which the cytoplasm melts away by a lytic process. 
In these the acidophilic cytoplasm becomes progressively more 
vacuolated until it is represented by a delicate web of liquif5dng ma- 
terial. In such cells the nucleus persists to the end and sometimes 
may be seen in a pericellular space in which no trace of cytoplasm 
remains. 

In incinerated preparations the cells in this final stage are easily 
recognised. Compare Figure 6 with Figure 4 of the preceding min- 
eral-rich condition. When for some unknown reason the cells are not 
phagocytosed like their neighbors the excess of mineral matter is re- 
duced in some other way. They retain, however, in death more than 
they possess in the first stage of the reaction (Fig. 2). The ash is dis- 
tributed fairly evenly in the c}i;oplasmic area but is lacking in the 
spaces occupied by the vacuoles mentioned. The original location of 
some of these vacuoles is marked by the absence of ash. The hyaline 
necrotic nucleus leaves little or no ash. 

Another type of cell change is frequently found in poliomyelitic 
cords, although it is not as characteristic as the process just de- 
scribed. It is more often seen in advanced cases, in which meningeal 
infiltration and perivascular cuflSng are maximal. In appearance the 
cells resemble closely the pathological forms described by Nissl as 
characteristic of ischemia. They display a thin and chromophobic 
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cytoplasm, with markedly contracted outlines. The nucleus stains 
dark blue with hematoxylin and eosin and tends to assume a char- 
acteristic triangular shape when cut in section. The nucleolus is 
swollen. The disposition of inorganic components in these cells 
provides an interesting contrast. The nucleus exhibits a heavy, 
powdery, refractile ash, while the cytoplasm is represented by a 
deposit so sparse that it can scarcely be appreciated in the inciner- 
ated specimen. It is evident that a migration of inorganic substance 
from the cytoplasm to the nucleus has taken place, an exact reversal 
of the process described above, in which the mineral matter of the 
cytoplasm increased at the expense of the nucleus. 

Discussion 

As in other injuries and infections of the nervous system, edema 
occupies a conspicuous place in the pathology of poliomyelitis. It is 
usually accompanied by an acute swelling of the cells, which disap- 
pears as reaction to the injury subsides. Somewhat similar appear- 
ances may be produced by the intravenous injection of considerable 
quantities of water (Weed and McEIbben With a decrease in 
ionic concentration of the fluid environment of the cell one would 
expect to find a diffusion of water into the cytoplasm and a diffusion 
of salts outward. The slight diminution of cytoplasmic mineral con- 
stituents demonstrated by microincineration during the stage of 
swelling may thus be due both to loss of cytoplasmic salts and to 
dilution. The alteration may not be considered permanent, since it 
is but a stage in many diseases in which complete recovery ordinarily 
occurs, and it may be reversed by the injection of hypertonic solu- 
tions. 

The earhest indication of severe injury is seen in the nucleus with 
the appearance of the bodies described by CoVell and by Hurst,^^ 
who suggested that they might be specific for the disease. Such 
bodies have also been observed by Schultz and by Stevenson,^® the 
latter author being more conservative in his interpretation, stating 
that they seemed to be nothing more than a clumping of the intra- 
nuclear network.” They appear in the drawings of Walter and of 
Wickman who, however, did not mention them as being specific. 
Wolf and Orton recently reported finding similar ‘‘intranuclear in- 
clusions ” in the spinal motor cells of patients dying of twenty-five 
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different diseases. The results of the present study indicate that 
they merely represent one stage in the total process of cellular de- 
generation. It is difficult to postulate the origin of the inclusion ma- 
terial. It might consist, as Wolf and Orton have suggested, of the 
vaguely defined substance known as “acidophilic chromatin,” in 
which case it would represent an increase of a normal nuclear con- 
stituent. On the other hand, their mineral composition would indi- 
cate that these bodies represent an alteration of the nuclear ground 
substance by diffusion into it of some of the inorganic matter from 
the basophilic chromatin, which is gradually lost as its staining prop- 
erties change from basophilia through amphophilia to acidophilia. 
Whatever it may be composed of, there is little doubt that the sub- 
stance is formed with considerable rapidity and in large quantities, 
since it soon comes to fill the entire nucleus. The rate of its forma- 
tion docs not always parallel the rate of change in staining proper- 
ties, a fact that may account for the occasional appearance of an 
acidophilic “inclusion body.” 

The granular stage of degeneration is one that has been over- 
looked by most investigators. Rissler “ described a “ granular cloud- 
ing of the cytoplasm” as one of the earliest evidences of poliomye- 
litic injury, and Kraus and Gerlach found certain deeply staining 
granules which they thought might be specific for poliomyelitis. 
Later, however, Gerlach and Kress ^ discovered them in other 
pathological states and decided that, although they were not unique 
to poliomyelitis, they certainly represented specific products of the 
action of a virus on a cell. They concluded that the granules were 
composed of lipofuscin (Lubarsch) or other similar pigment. In 
view of the fact that their inorganic content is high, and that 
most pigments are of almost purely organic composition, it seems 
unlikely that their conjecture could be true. 

The frequent oversight of this stage of degeneration may be 
attributed to the briefness of its existence during the earliest stages 
of involvement (later stages are more often studied, especially in 
human cases) or to the difficulty of recognizing it in routinely stained 
sections. In the microincinerated preparations, on the other hand, 
the appearance of the granular cells is so striking that it cannot 
escape notice, and the change which renders them so obvious consti- 
tutes, from the microchemical standpoint, the most interesting phase 
of the entire process. Obviously, nuclear mineral matter enters the 
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cytoplasm but not in sufficient quantities to explain the increase. 
Some must be derived from without, from tissue fluid, blood or other 
sources by a necrobiotic attraction, a final vital action of the cell, 
after which it proceeds to complete disintegration. No explanation 
can be offered of the fact that some cells in this particular stage are 
phagocytosed, while others are not. 

The recognition of the granules is important for another reason: 
it serves to classify the cytopathology of the disease. If the series of 
cell changes here described be compared with Spielmeyer’s ac- 
count of Nissl’s fundamental change, which he termed ^‘scJvwere 
Zellverdiiderungj^ it will be found that they agree closely. If the 
same type of destruction has been observed in various diseases it 
would seem that the recognition of poliomyelitis by a single stage of 
the process would be impossible, and that the effects of the virus on 
the cell were anything but specific. The coincidental formation of 
inclusion bodies, which differ from the cell changes in other diseases 
showing this t3q)e of degeneration, would appear unlikely. 

A problem of importance in any study of poliomyelitis injury is 
the determination of what might be called the threshold of mor- 
tality, or that amount of damage beyond which no recovery may 
occur. That some degree of normal function may return after the 
initial paralysis has long been known from clinical observations. 
O’Leary, Heinbecker and Bishop showed that in the causation of 
paralysis we have to deal with some factor affecting the conductivity 
of the cell body. Covell found that at the time their tests were 
made cell destruction was far advanced, so that the succession of cell 
changes described herein had probably already taken place. He also 
presented evidence that some of the partially destroyed cells might 
recover. The transient nature of acute cell swelling might suggest its 
relation to transient paralysis, but we know that this change may 
also occur in states in which no paralysis is present (meningitis, 
uremia, and so on) . Unless, then, the paralysis is due to some specific 
action of the virus on the cell (which seems unlikely, considering the 
resemblance of the reaction to that seen in other diseases) we must 
conclude that it occurs some time after the appearance of nuclear 
changes. The results of this study indicate that the process of cell 
death is a complicated one. Osterhout found the same to be true 
of planarians and was able to define a point beyond which complete 
recovery was impossible. Perhaps the same principle may be ap- 
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plied to nerve cells, in which case permanent loss of function would 
probably coincide with the stage of hypermineralization, since this 
stage, one would judge from the accounts of other authors, is ap- 
proximately the time of destruction of the neurofibrillar network. 


SlU.BfAPY 

The principal type of nerve cell destruction in poliomyelitis in- 
volves three stages: (i) edema, with acute swelling of the cell and 
diminution of its inorganic content; (2) granulation, with hyper- 
mineralization; and (3) acidophilic necrosis, -with dimunition of min- 
eral constituents. 

Note. The author is indebted to Dr. Gordon H. Scott and to 
Dr. E. V. Cowdry for help and encouragement. 
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DESCRIPTION OF PLATE 
Plate 143 

All figures are camera lucida drawings of anterior horn cells from monkeys 
experimentally infected with poliomyelitis. The figures at the left are drawings 
of control sections stained with hematoxylin and eosin. The figures at the right 
are microincinerated sections of the same cell. Material figured was fixed in 
absolute alcohol-formalin. 

Fig. I. Anterior horn cell from the cervical cord of a monkey experimentally 
infected with poliomyelitis showing acute sw'elling and the earliest stages of 
nuclear alteration. Two spherules of amphophilic material (the so-called 
inclusion bodies) are shown. The nuclear membrane is encrusted with baso- 
philic chromatin, although some of this material still remains dispersed 
within tlic nucleus. 

Fig. 2. Microincinerated preparation of a serial section of the same cell showing 
diminished cytoplasmic ash and increased density of nuclear membrane. 

Fig. 3. Cell in the granular stage of degeneration. The nucleus is hyaline, aci- 
dophilic, and contains two round masses which take a deeper stain than the 
remainder of the nucleus. 

Fig. 4. Microincineration of a section of the same cell as pictured in Fig. 3 
showing the extremely heavy ash deposit left by the cytoplasm. The nu- 
cleus at this stage is practically ash-free. 

Fig. s- Acidophilic necrotic cell in which neurbnophagia has not taken place. 
The cytoplasm exhibits a spongy texture and shows no cell membrane. 

Fig. 6. Microincinerated section of the cell sho^vn in Fig. 5. The ash is w'ebby 
in appearance and is glossy, though not highly refractile. 
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INTRANUCLEAR INCLUSIONS IN THE SALIVARY GLANDS 

OF l^IOLES * 

Eii:ANOR J. Rector, M.S., and L. E. Rector, B. S. 

(From the Anatomical Laboratory, Washington University School of Medicine, 

St. Louis, M 0.) 


Intranuclear inclusions have been described in the salivary glands 
of guinea pigs, rats and humans, but only in guinea pigs has it been 
proved that they are caused by a filterable virus (Cole and Kutt- 
ner^). We have noted ^ their presence in a fourth species, the 
common mole. This observation was made in the course of a brief 
survey, suggested by Dr. E. V. Cowdry, of the distribution of in- 
tranuclear inclusions in wild animals in the absence of distinctive 
clinical symptoms. In this paper we shall describe these inclusions 
in moles, mention our attempts to transmit a virus and compare the 
properties of the inclusions in the salivary glands of all four species. 


Material 


We list the other animals we examined, as well as the moles, be- 
cause negative observations may be of some interest to investigators 
making more complete surveys. They were: 

1 Evans king snake {LampropcUis caUigaster) 

I Red headed skink {Eumcces quinquelinackis) 

1 Electric eel {Electrophorus electricus) 

X Bull frog {Rana catesboand) 

2 Rats {Mus dccuinamis) 

2 Mice {Mits musciilm) 

I Gopher {Spermophilus franklini) 

14 Moles {Scalops aqualicns') 

I Bat (Myotis suhulatus) 

I Flying squirrel {Glaucomys volans) 

4 Opossums {Didelphis virginiatta) 

II Movik&y?, {Pithecics rhesus) 

I Gray cheeked mangabey {Cercocehus dlbigend) 

I Tapir {Tapmis Indicus) 

* Aided by a grant from the Rockefeller Foundation for research in virus diseases. 
Received for publication June 4, 1934. 
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Our thanks are due to Dr. A. M. Lucas for the first moles showing 
inclusions, and to Mr. George Vierheller, Director of the St. Louis 
Zoological Gardens, for the mangabcy and tapir. 

Careful autopsies were made of each animal and specimens were 
taken from a wide variety of tissues. Zenker and Zenker-formalin 
fixatives were used in all cases and the sections were colored with 
hematoxylin and eosin and by the Giemsa stain. Special micro- 
chemical tests were applied to the inclusions in the moles and at- 
tempts to transmit a virus were made v/hich will be described later. 

Observations 

Figures 1-6 illustrate the appearance of the intranuclear inclusions 
in the salivary glands of moles. They were found in all of the 14 
moles examined. Careful search in other tissues failed to reveal any. 
The moles weighed about 150 gm. and v/ere presumably adults. The 
series did not contain any very young animals. The sections were 
5 microns thick. On the average 1.8 inclusions were found per sq. 
mm. of section. The maximum number was 9 per sq. mm., while in 
2 animals the inclusions were very rare, being seen only after inten- 
sive study of many serial sections. 

The altered cells are usually situated in the terminal tubules of the 
serous portions of the glands and more rarely in the mucous parts 
(Fig. 5). None occur in cells that can be definitely classified as 
duct cells but they are rather more numerous near the ducts. Many 
appear to be shoved off into the lumens of the tubules (Fig. 6). 

An accompanying tissue reaction was noted in 8 animals. It con- 
sisted of a slight perivascular and interstitial lymphocytic infiltra- 
tion. But the extent of the infiltration was not proportional to the 
number of affected secretory cells. Neither did the location always 
correspond. In some cases many cells possessing inclusions were ob- 
served in the absence of infiltration. Two nematodes were noted. 
The first, belonging to the genus Capillaria, was found in the epithe- 
lium of the tongue of 6 moles; and the second, apparently a member 
of the genus Porrocaeemn, was observed in the salivary glands of 7 
moles. For the identification of both of these we are indebted to Dr. 
E. W. Price of the Bureau of Animal Industry. There was no sharp 
correlation between the incidence of the parasites and the inclusions, 
but it was noted that in several sections the number of inclusions was 
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definitely higher near the Porrocaeca. The parasites were usually well 
walled off by connective tissue and were frequently accompanied by a 
mild degree of cellular infiltration, consisting chiefly of lymphocytes. 
The tissue reaction seemed to bear no constant relation to either the 
inclusions or parasites. In one mole there was, as might be expected, 
a heavy accumulation of eosinophile leukocytes near a Porrocaecum. 

An outstanding feature of the inclusion-containing cells and nuclei 
was marked hypertrophy. The diameter of the altered cells averaged 
about 15 microns — approximately i|- times the diameter of the 
normal cells. The extent of enlargement for both serous and mucous 
cells was remarkably uniform, as indicated in Table i. 


Table I 

Measurements hi Microns of Inclusion-coniaining Cells in the Salivary Glands 

of Moles 


Cells 

Diameter 

measured 

Range 

Mean 

! 

Median 

Mean 
deviation 
on mean j 

Standard 

deviation 

200 inclusion-laden 

Cellular 

10.00 

iS -37 

15.06 

I-S 7 

2.13 

cells in the mixed 

Nuclear 

9-34 

10.14 

10.67 

1.56 

1.83 

portion of the gland 

Inclusion 

6.88 

6.12 

5-69 

I.OI 

X.29 

25 inclusion-laden cells 

Cellular 

8.13 

16.85 

16.77 

2.03 

2-34 

in the mucous por- 

Nuclear 

6.25 

12.05 

12.03 

1-75 

2.13 

tion 

Inclusion 

2.50 

70s 

6.36 

0.81 

0.98 


The mean is the mathematical average of the measurements ob- 
tained by dividing the sum of the diameters by the number. The 
median is the middle number in the series of numbers arranged in the 
order of magnitude. The fact that the mean and median are so 
nearly the same indicates a central tendency. However, one can 
easily imagine that a distribution in which there is an equal clump- 
ing at each end of the range might easily give a median and a mean 
of almost equal value. To minimize this possibility of error the 
“mean deviation on the mean” and the “standard deviation” were 
calculated. In the “mean deviation on the mean” we have a figure 
showing the average distance of all members of the series from the 
mean, or average, of the series. This is remarkably small and gives a 
truer indication of a central tendency. The “standard deviation” is 
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a measurement which, when marked off on both sides of the mean, 
will include two-thirds of the cases involved, when the cases have 
been arranged in the order of magnitude. Interpretation of this cen- 
tral tendency is difficult. It may be that the cellular response, what- 
ever its nature, has reached a kind of end point characterized by rela- 
tive uniformity in degree of hypertrophy. It is possible also that the 
early stages of hypertrophy, so rare in our specimens, seem to be 
lacking because they may be passed through quite rapidly; and that 
final stages of further hypertrophy or disintegration are absent, be- 
cause the cells may be cast out through the ducts at this particular 
stage. Moreover, the infrequency of early stages may indicate that 
the process is no longer an active one. 

The intranuclear inclusions themselves show a parallel uniformity 
in size. The range from the largest to the smallest -was slight. Occa- 
sionally they seemed to be paired, or subdivided (Figs. 2 and 4), 
Their outlines were somewhat irregular. The centers were denser 
than tlie periphe^y^ They were definitely basophilic, only rarely 
showung any tendency towards acidophilia — a property that w^e do 
not think can be attributed to unusual fixation or some deviation 
from standard technique. 

The intranuclear inclusions exhibit marked Feulgen and masked 
iron reactions. Mucicarmine and Millon’s reagent gave inconclusive 
results. Margination of chromatin on the nuclear membrane w'as not 
very noticeable. This may be correlated with the retention by the 
inclusion of basophilic properties (thymonucleic acid and masked 
iron) . The nucleolus was recognizable in some cases either applied 
to the inclusion or between the latter and the nuclear membrane. A 
clear thin halo of chromophobic nuclear material is invariably inter- 
posed between the inclusion and the nuclear membrane and is very 
typical. 

In the cytoplasm of most cells 10 to 30 small, basophilic inclusions 
were clearly visible, closely resembling those described in detail in 
the guinea pig’s submaxillary glands by Pearson.® They accom- 
panied approximately 40 per cent of the nuclear inclusions and oc- 
curred in both serous and mucous types (Figs. 1—5). 

Many attempts were made to demonstrate the existence of an ac- 
tive virus in the salivary glands, but saline emulsions injected intra- 
cerebraUy, subcutaneously and intraglandularly into rats, mice, 
rabbits and young guinea pigs proved futile (Table II) , The animals 
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that died in a few hours did so as a direct result of injury to the brain 
when the injection was made and not from the action of a virus. 
Those that survived until they were sacrificed showed no signs of dis- 

Table n 


Attempts to Pass Virus 


Mole No. 

Inoculum (saline emulsion) 

1 Recipient animal j 

Injection 

Result 

4 

4 

5 

5 

5 

5 

4, 5,6 

Fresh tissue 

a it 

it it 

it it 

a it 

a it 

Glycerin preserved tissue 

Rabbit 

Young guinea pig 

Rabbit 

it 

it 

Young guinea pig 

White mouse 

Intracerebral 

Subcutaneous 

i 

Intracerebral 

u 

it 1 

1 

it 

it 

Died — 

6 hours 
Killed — 

30 days 
Died — 

6 hours 
Died — 

12 hours 
KiUed — 

14 days 
Died — 

12 hours 
Killed — 

4 , 5 , 6 

it 

it 

it 

it it 

u 

35 days 
Died — 

4 , 5,6 

it 

it 

it 

it it 

it 

3 days 
Killed — 

4 , 5,6 

a 

it 

it 

white rat 

it 

38 days 

4 , 5 i 6 

it 

it 

tt 

i 

it it 

it 

39 days 

4, 5, 6 

it 

u 

i 

it 

a it 

it 

39 days 

4 , 5 , 6 

it 

it 

it 

Young guinea pig 

a 

39 days 

4 , 5,6 

it 

it 

« 1 

a it it 

a 

1 

38 days 

4 , 5 , 6 

it 

it 

• 

it it a 

Submaxillary 

38 days 

12 

12 

12 

Fresh tissue 

it if 

it it 


i 

u tt it 

it it it 

it it u 

gland 

1 Intracerebral 

it 

it 

20 days 
Died — 

24 hours 
Died — 

12 hours 
Killed — 

62 days 


ease. Histological examination of the tissues at the site of injection 
revealed no significant alterations, 

A detailed comparison of these intranuclear inclusions in moles 
with our own preparations of inclusions in guinea pigs, with sped- 
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mens showing inclusions in human salivary glands and in rats sent 
to Dr. E. V. Cowdry by Dr. S. B. Wolbach and by Dr. Juanita 
Thompson respectively, together with a close study of the literature, 
brings to light a number of interesting features. 

1. The inclusion incidence of loo per cent of 14 in moles is to be 
compared with 1 2 per cent of 183 in humans (Farber and Wolbach ’), 
84 per cent of 75 in guinea pigs (Cole and Kuttner^, and 14 per cent 
of 70 in rats (Thompson ^), 

2. It is not feasible to compare the number of inclusion-containing 
cells per unit volume of tissue because the observations on species 
other than the mole are not quantitative. Probably they are equally 
numerous in the mole, as in the others. 

3. The location of the inclusions in moles is in the serous and 
mucous gland cells and not in the duct cells, whereas in the others 
the duct cells are often more frequently affected than the gland 
cells, 

4. In the mole, guinea pig and rat the occurrence of inclusions is 
apparently limited to the salivary glands, but in humans intra- 
nuclear inclusions have been found in other tissues of the same in- 
dividuals (see Farber and Wolbach and their review of literature). 

5. The size of the hypertropliied cells is greatest in humans, about 
the same in guinea pigs and rats and least in the moles. 

6. The morphology of the inclusions is similar in all four. Their 
outlines are irregular, often their central parts are denser. From the 
periphery strands of material may extend toward the nuclear mem- 
brane. The inclusions are not evenly rounded, spherical droplets of 
material, nor are they hyaline in appearance like Cowdry’s type B 
inclusions.'' 

7. The inclusions are apparently more basophilic in the moles 
than in any of the others. They also yield a more marked Feulgen 
reaction for thymonucleic acid and Bensley-Macallum test for 
masked iron than Cowdry ^ secured with the guinea pig inclusions. 
Data on thymonucleic acid and masked iron are not available for the 
human and rat inclusions. 

8. Margination of basophilic chromatin on the nuclear membrane 
is absent or slight in moles — a circumstance that may be related to 
the retention of basophilia by the inclusions. This margination is 
very conspicuous in guinea pigs and comparatively slight in humans 
and rats. 
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9. The nucleoli behave in the same way in all four species in so 
far that they do not contribute noticeably toward the formation of 
the inclusions. 

10. A clear, unstaining halo between the inclusion and the nuclear 
membrane is most noticeable in the guinea pig, less so in the mole, 
and least, but to about the same degree, in humans and rats. 

11. Similar basophilic bodies occur in the cytoplasm of the in- 
clusion-laden cells in all four species. In the mole, however, they are 
found on aU sides of the nucleus and apparently do not show quite 
the same tendency to be clumped in the distal cytoplasm, between 
the nucleus and lumen, as in rats, guinea pigs and humans. 

12. No constant accompanying reaction or degeneration of the 
tissue about the affected cells is found in any of the forms, but, in the 
case of aU of them, mention is made of occasional infiltration by 
lymphocytes and phagocytic cells. 

13. No parasites like those herein reported in the oral epithelium 
and salivary glands of moles, or of any sort, have been described in 
humans, guinea pigs or rats. 

14. Detection of the inclusions in these four species has been to 
some extent a matter of chance. In none of them is attention drawn 
to the inclusions by the exhibition of definite clinical symptoms. 

Discussion 

The intranuclear inclusions in the salivary glands of moles are 
sufficiently like those in humans, guinea pigs and rats to suggest a 
more or less common origin. Only in the guinea pig has a virus been 
identified as the etiological factor, but the opportunity to demon- 
strate virus action in the others has not been favorable. It is likely 
that systematic study of the salivary glands in many species will 
bring to hght further instances of the occurrence of similar inclusions 
in the absence of distinctive signs of disease. The fact that the in- 
tranuclear inclusions in this location are so very large does not of it- 
self indicate that the causative agents if, as in guinea pigs, they turn 
out to be viruses, are peculiar or very different from those that in- 
fluence other tissues. When the submaxillary virus of guinea pigs is 
led to act on the brain it produces inclusions that are not particularly 
large in cells that are not hypertrophied. Consequently it may be 
supposed that at least two factors are involved — the nature of the 
virus and the reactivity of the particular cells. 
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STBfMARY 

All of 14 moles examined show, in the absence of clinical symp- 
toms, intranuclear inclusions in their salivary glands which resemble 
in many respects those previously reported in humans, guinea pigs 
and rats. 
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DESCRIPTION OF PLATE 
Plate 144 

Figs. 1 to 4 inclusive. Drawings of affected cells to show detailed structure of 
intranuclear inclusions and position of cytoplasmic inclusions. Note the 
paired inclusion in Fig. 2 and the presence of the nucleolus in Fig. 3. 
X 2300. 

Fig. 5. Drawing of mucous acinus to show relative size and position of the 
affected cell. Note the encroachment upon the lumen, x 2300. 

Fig. 6. Drawing of mucous and serous acini showing involved cells in v/hich 
cytoplasmic inclusions are absent, x 1300. 





ENCEPHALOMYELITIS, PROBABLY DUE TO LEAD POISONING * 

REPORT OF A CASE 


A. B. Baker, M.D. 

{From the Department of Pathology, University of Minnesota, 
Minneapolis, Minn.) 


Numerous cases of accidental lead encephalitis in man, as well 
as experimental lead intoxication in animals, have been reported 
in the literature. Kato ^ in 1932 published a complete review of the 
Japanese literature on this subject and added many new cases of his 
own. But, in spite of the extensive investigations with animals and 
the careful study of human material, an agreement as to the patho- 
logical lesions in this type of cerebral involvement is still lacking. 
Friedlander® found no alterations in the brain in his case, while 
Cadwalader,^ Lehmann and co-workers,^ and McCarthy ® reported 
striking changes in the nerve cells in the brains of both humans and 
animals dead of lead poisoning. 

Lehmann and his co-workers experimented with cats and caused a 
“liquefaction” of the nerve cells with a destruction of both nucleus 
and cell body. McCarthy produced cerebral lesions in dogs with 
lead acetate and noted an extensive chromatolysis and vacuolization 
of the nerve cells with a slight glial proliferation. Somewhat similar 
findings were reported by Cadwalader in human material. Hassin,® 
however, in 3 cases found the nerve cells intact. He noted only 
thickening of the pia arachnoid and slight glial proliferation. Bar- 
ron and Habein ^ reported a case of lead encephalitis in which the 
brain was histologically normal. McKhann and Vogt ^ in a recent 
publication suggested the possibility that much of the cerebral 
S 3 Tnptomatology in lead encephalitis might be due to an increased 
intracranial pressure and not to an actual destruction of nerve 
cells. 

. Spinal cord lesions from lead poisoning seem to be even less fre- 
quent than the cerebral involvement. Bechtold,® Sons,^®, Lewin and 
Treu and Propper have published complete clinical reports of 

* Received for publication March 22, 1934. 
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lead myelitis with recover}^, while Spiller and Cadwalader have de- 
scribed the histological changes in the spinal cords of their cases. 
Spiller found an extensive degeneration of the anterior horn cells 
with no alteration in the white matter. In Cadwalader’s case the 
pathological findings closely resembled those of amyotrophic lateral 
sclerosis. The anterior horn cells were severely injured and there was 
a mild degeneration of the lateral columns. Only a few fibers were 
destroyed in the posterior columns and these were noted only in the 
lumbar segments. 

In view of the absence of detailed pathological reports dealing 
with severe lead encephalomyelitis a full report of the following case 
seems warranted. 


Report of Case 

Clinical History: J.X. J., a male aged 53 years, was first admitted to the hospi- 
tal Sept. 22, 1930, complaining of increasing weakness and loss of weight. In 
January, 1930, he had secured cmplo>Tnent, which consisted of dipping metal 
parts into a tank of lead paint. While working, his forearms and arms were con- 
tinuously immersed in the paint, which also splashed freely over his neck and 
face. He felt weU until the first part of June, when he began to notice a taste of 
paint in his mouth and had periodic attacks of nausea and vomiting without an3' 
associated abdominal cramps. Early in Julj' an intense skin irritation of the 
upper extremities developed which was diagnosed as “paint dermatitis” and 
proved extremely resistant to local treatment. He continued working until 
August isth, although gradually losing weight and strength. At the time of his 
first admission to the hospital he had lost 14 pounds in weight. 

The past history was essentially negative. \\Tiile working in a boiler factory' 
in 1917 his hearing had been impaired. There had never been any gastro- 
intestinal disturbances and, until the onset of his present illness, the patient’s 
•weight had remained constant, at about 150 pounds. His father died at the age 
of 62 years from a carcinoma of the stomach. His mother died at 23 years of age 
from tuberculosis. He had been married 29 years and his ■v\’ife is li'ving and in 
fairly good health. 

Physical Examination: The patient appeared anemic; he was quite emaciated 
and had a sallow, yellowish complexion. There was a gra3dsh discoloration of 
the hands and forearms •svith many excoriated lesions scattered over these areas. 
The pupils were equal and regular and reacted normally to light and accommoda- 
tion. The ocular movements were unimpaired. There was a marked gingivitis 
and extensive dental caries but no definite lead line. The tongue showed no 
atrophy. The lungs were normal. The heart was normal in size, shape and posi- 
tion; rate 76, no murmurs, tones normal. The blood pressure was 142/86. 
Abdominal examination was negative. 

Neurological Examination: The cranial nerves were normal except for a par- 
tial nerve deafness in both ears. The abdominal reflexes were decreased but all 
the deep reflexes were fairly normal Vibration sense was dimin ished in the 
ankles and legs, being almost completely absent on the right side. There was no 
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sign of ankle or wrist drop or of any other muscular weakness. At this examina- 
tion the neurologist concluded that the findings were insufficient to warrant a 
positive diagnosis of any organic disturbance of the central nervous system. 

The patient remained in the hospital for 19 days and, after his ffischarge, 
reported to the outpatient department for further observation and study. 
Throughout this period numerous laboratory studies were performed. The 
urinalysis was negative on four occasions. The icterus index was 12 units. Gas- 
tric expression revealed no free hydrochloric or lactic acid but contained 10 de- 
grees of total acidity at 10 minutes, and 20 degrees at 20 minutes. The stools 
contained no pus, mucus or occult blood, and microscopic examination was nega- 
tive for ova and parasites. The Wassermann test was repeatedly negative, as 
was also the spinal fluid examination. Roentgen-ray studies of the chest and 
abdomen gave normal findings. The blood studies are tabulated in Table I. 

Table I 


Examinations of the Blood 


Date 

Red cell count 

Hemoglobin 

Color Index 

White cell count 

Reticulocytes 



Ver cent 



per cent 

9/19/30 .... 

2,670,000 

82 

1.6 

6750 


9/21/30 — 

2,840,000 

79 

1.4 

7300 


9/29/30 — 

2,000,000 

70 

1-7 


20.0 

10/ 1/30 — 

2,630,000 

66 

1.2 



10/ 7/30 — 

2,520,000 

67 

1-3 

4850 

I.O 

10/ 9/30 — 

2,340,000 

65 

1.4 


1.8 

10/10/30 — 

2,260,000 

62 

1.4 

6400 

1.3 

10/11/30 — 

2,010,000 

60 

1-5 

6150 

2,0 

10/14/30 — 

2,440,0.00 

61 


6650 


10/18/30 — 

2,150,000 

60 

1.4 

8050 

2.0 

10/22/30 

2,130,000 

57 

1-3 


2.8 

10/24/30 — 

2,470,000 

47 

0.9s 

6850 

7*5 

10/29/30 — 

2,040,000 

59 i 

1.6 

7600 

3»3 


The blood smears were studied repeatedly by the department of hematology 
and were described as follows. “The red cells show the following features: 
anisocytosis (macrocytes, normocytes and microcytes), poikilocytosis, h3^er- 
chromasia, occasional polychromatophilic cells and occasional stippled cells 
(the basophilic stippling was increased after administration of potassium iodide). 
The neutrophil leukocytes are present in normal numbers but are toxic, their 
nuclei showing a marked ‘shift to the right.’ These cells were given careful 
study because the neutrophils of pernicious anemia usually show a similar 
change, but these cells are not of the pernicious anemia type, since their nuclear 
lobes are too plump and their neutrophil granules are not of the right type. 
It may be concluded that the patient’s anemia is of a toxic t3rpe and compatible 
with lead poisoning but not characteristic of pernicious anemia.” 

After the patient’s discharge from the hospital his symptoms gradually be- 
came augmented. An attempt was made to de-lead him with potassium iodide, 
but this medication caused a definite exacerbation of symptoms, a marked in- 
crease in the basophilic stippling of the red cells and a drop in the hemoglobin of 
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13 per cent in a period of 6 days (60 per cent to 47 per cent). A milk diet was 
then prescribed and calcium lactrite given in large doses by mouth. On this type 
of therapy, which tends to keep the lead stored in the bones, he promptly im- 
proved and the hemoglobin increased 12 per cent in the next fev/ days. This 
experience in treatment seems to us to be of definite diagnostic significance. 

Throughout his illness the hemoglobin remained at about 50 per cent and 
resisted all attempts at correction. Liver extract was given orally over a long 
period v;ith no results, although three injections of liver intramuscularly were 
followed by a temporary rise in the hemoglobin, the red cells remaining lov/. 

By August, 1932, nearly 2 years after the onset of the ailment, weakness had 
become so marked that it greatly interfered with walking. A definite spasticity 
of the lower extremities had also developed. The weakness and spasticity ad- 
vanced rapidly, so that by January', 1933, the patient could no longer walk alone 
and v/as confined to bed, where he remained until death. A neurological ex- 
amination was performed in November, 1932, at which time the patient v/as so 
weak that he was unable to wall: alone. All voluntary movements of the arms 
and legs could be executed, although he w'as manifestly ataxic. None of the 
deep reflexes was elicited even with reinforcement. The position and vibration 
senses were entirely absent in all extremities, while the deep tendon and muscle 
sensations appeared only slightly impaired. Superficial sensibility v/as intact. 
The findings at this examination seemed compatible with a subacute combined 
degeneration of the cord. 

During the last 6 to 8 months of life definite signs of mental involvement de- 
veloped. He would become disoriented and talk irrationally for hours. Ter- 
minally a urinary retention developed. He died on June 27, 1933, after having 
been bedridden for 6 months. 

Postmortem Ex.amination 

The body was that of a poorly nourished, elderly male, 161 cm. 
long, weighing about 1 10 pounds. There appeared to be moderate 
atrophy of the muscles of the upper extremities but this may have 
been due to the extreme degree of undernourishment. The abdomi- 
nal muscles were well developed. A large decubitus was present over 
the sacrum. 

The peritoneal cavity showed nothing of note. The right pleural 
cavity, anteriorly and inferiorly, was obliterated by dense fibrous ad- 
hesions; the left pleural cavity as well as the pericardial sac was 
normal. 

The heart weighed 200 gm. and was normal. The coronaries were 
sclerotic and their lumens were very much narrowed in places, al- 
though at no point completely closed. Each lung weighed 300 gm. 
and contained a moderate amount of edema and congestion but no 
free pus. The spleen weighed 200 gm. and showed no disease. 

The fiver weighed 1300 gm. Its surface was smooth. On section 
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the interlobular spaces were more conspicuous than normal and 
there was a slight yellowish tinge to the parenchyma. The gall- 
bladder and ducts were all normal The gastro-intestinal tract, 
pancreas, adrenals and kidneys showed no disease. 

Microscopic Examination 

Microscopic examination of the organs confirms the gross im- 
pressions. The liver shows a moderate fatty metamorphosis and, 
with special stains, no hemosiderin can be detected in the liver 
tissue. 

The brain and spinal cord were carefully removed and immedi- 
ately fixed for special staining. In gross the brain showed noth- 
ing of note but the entire cord was unusually small. The dura mater 
and pia arachnoid appeared normal, not showing the thickening 
often mentioned by other investigators. 

Sections were taken from several cortical areas, the basal ganglia, 
midbrain, cerebellum, medulla oblongata and various levels of the 
spinal cord. These were stained in the following ways : hematoyxlin- 
eosin, Weigert’s myelin sheath stain, iron hematoyxlin-Van Gieson, 
Nissel’s method, Bielschowsky’s stain, and sudan III. 

Throughout the cerebral cortex there is a marked shrinking of the 
ganglion cells, lea\fing a large clear space about the remains of each. 
In certain of these cells the dendrites are intact, in some scarce or ab- 
sent, while in others they are fragmented and separated from the cell 
body. In many cells the cytoplasm is almost entirely absent, leaving 
only a nucleus situated in a large clear area; in others the nucleus is 
surrounded by an irregular border of cytoplasmic substance (Fig. i) . 
The nuclei of the cortical ganglion cells are usually intact and occupy 
a central or exceptionally a peripheral position. Occasionally the 
nuclei are shrunken, deeply staining, and separated from the cyto- 
plasm by a zone of varying width (Fig. i). Nucleoli are usually 
present. In some areas of the brain, chiefly the temporal lobe and 
the basal nuclei, another t)rpe of change is noted. Here the ganglion 
cells are swollen to almost twice normal size; their cytoplasm is 
homogeneous and glossy and the processes are usually absent, giving 
the cells a rounded edematous appearance (Fig. 2). The nuclei of 
these large cells are stiU intact but many have irregular edges and 
stain poorly. Careful study of the sections reveals all stages from the 
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slightly swollen cells to those exhibiting complete homogeneity and 
disintegration. With the special Nissl stain it is readily apparent 
that many cells have almost completely lost the Nissl substance 
(Fig. 2). There is only .slight indication of neuronophagia in spite of 
the partial destruction of the nerve cells. Satellites are absent. 

Sections from the floor of the fourth ventricle reveal many small 
hemorrhages, chiefly of a perivascular distribution. The brain tissue 
around these hemorrhages does not seem to be injured. There is no 
cellular infiltration or injury to the white matter. 

In contrast to the brain the most constant damage to the spinal 
cord is in the white substance, the gray matter, as a rule, remaining 
free from injury. 

The cervical cord presents the most marked changes. With the 
Weigert stain a complete demyelinization is noted in the columns of 
Goll and Burdach, with a partial involvement of the dorsal and ven- 
tral spinocerebellar tracts, and of the lateral and ventral cortico- 
spinal tracts (crossed and direct pyramidal) (Fig. 3). The direct 
pyramidal tract presents an asymmetrical involvement showing a 
more extensive demyelinization on the right side of the cord where 
the destruction extends into Marie’s column (fasciculus sulco-mar- 
ginalis). With the hematoxylin-eosin and iron hematoxylin stains 
many cells are detected invading the degenerated w-hite matter. 
These cells contain a nucleus which is polymorphic and deep staining 
and a cell body that either is quite without definition or is fairly large, 
granular and irregular. A fat stain proves these cells to be macro- 
phages in the various stages of development. 

The gray matter presents but few alterations. A few of the an- 
terior horn cells are shrunken, although none show any chromatolysis 
and there does not appear to be a decrease in their number. Numer- 
ous dilated blood vessels are scattered throughout the gray sub- 
stance but no hemorrhages, either diffuse or perivascular, can be de- 
tected. The anterior and posterior rootlets are normal, showing no 
demyelinization and no involvement of their axis cylinders. There 
are no signs of any inflammation (Fig. 3). 

In the midthoracic cord the changes are almost the same as in the 
cervical region except that the demyelinization is less in the medial 
parts of the posterior columns. There is stiU an involvement of the 
medial and ventral parts of the anterior columns of white matter, in 
spite of the fact that, at this level, the direct pyramidal tract usually 
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has decussated and therefore is absent. The anterior and posterior 
horn cells appear normal, both in number and in structure. In the 
nucleus dorsalis (Clark’s colunrn) the cells are greatly decreased. 
The few that are present have no processes and appear rounded, with 
smooth edges, and are diminished in size. Their nuclei are, as a rule, 
absent. The rootlets are unaffected and the arteries are normal. 

The lumbar cord presents the least involvement (Fig. 4) . There is 
only a partial destruction of the posterior columns and the crossed 
pyramidal tracts. The marked macrophage reaction is still seen in 
the demyelinated areas. The anterior horn cells and the rootlets are 
unaffected. 

The appearance of the cord with the fat stain is similar in all the 
destroyed areas. All stages of transformation in the macrophages 
can be observed, from cells that contain only a few fat granules to 
others that are completely filled. These cells vary in appearance 
from small uniform ones with a central nucleus to large irregular cells 
in which the nucleus is either forced to one side or entirely invisible 
because of the large fat droplets. Often the macrophages clump to- 
gether, presenting the appearance of a large mass of fat globules with 
an occasional small dark nucleus visible in the fatty mass. There is a 
great tendency for these cells to migrate to the blood vessels, all the 
vessels in the demyelinated areas being surrounded by collars of fat- 
filled cells. In many of the vessels the macrophages must have pene- 
trated the walls, the lumens being completely filled with fat. 

Discussion 

The pathological study clearly indicates that the lesions in our case 
are almost entirely degenerative in nature and differ greatly in the 
various parts of the central nervous system. In the brain the gan- 
glion cells of the gray substance are involved, while in the spinal 
cord most of the damage is in the white substance, giving the appear- 
ance of a combined degeneration. Such a degenerative process is 
usually considered as a primary alteration, due to the selective toxic 
influence of the lead on the various parts of the nervous system, but 
the reason for the great difference in localization of the destructive 
process in the central nervous system is at present unknown. 
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SUMMAKY 

1. A case of encephalomyelitis is reported in a male who was 
thoroughly exjwsed to lead paint for a period of 7 months. 

2. A pathological study of the nervous system revealed a marked 
destruction of the nerve cells in the cerebral cortex and an extensive 
demyelinization of various tracts in the spinal cord. 

3. The literature dealing with lead encephalomyelitis is reviewed. 
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DESCRIPTION OF PLATES 


Plate 145 

Fig. I. Section through the cerebral cortex shov-Ing the marked shrinldng and 
irregularity of the nerve cells. 

Fig. 2. Drawing showing some of the ganglion cells of the temporal cortex. All 
the cells are swollen and present a marked chromatolysis. The cell marked 
“a” is an axonc. In cells “b” and “c” there is also a destruction of the 
processes, giving the cells a rounded appearance. 
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Fig. 3. Section through the cervical cord showing the striking dcmyclinization 
of the posterior, the lateral, and part of the anterior columns. The rootlets 
are intact. 

Fig. 4. Section through the lumbar cord. There is only a partial destruction of 
the posterior columns and the crossed pyramidal tracts. 









UNIDENTIFIED PARASITE IN HEART MUSCLE * 


William C. VonGlahn, M.D. 

{From the Department of Pathology, College of Physicians and Surgeons, 
Columbia University, New York City) 


In the routine study of heart muscle from a case of aortic stenosis 
and insufficiency peculiar bodies were discovered in the myocardium. 
Since a thorough search of the literature failed to reveal any record 
of similar bodies having been described in the heart it seemed ad- 
visable to report the case. 

The patient (History No. 316,149, Autopsy No. 10,821), a car- 
penter, aged 63 years, born in Virginia, was first admitted to the 
Medical Service of the Presbyterian Hospital because of cardiac 
decompensation. He was found to have aortic stenosis and insuf- 
ficiency. At the end of 4 weeks the cardiac condition was sufficiently 
improved to permit him to return to his home. That evening he had 
a chill and came back to the hospital. It was determined that he had 
lobar pneumonia due to pneumococcus type H. He died on the 4th 
day of this illness. 

At autopsy the heart was found to be h)^ertrophied, weighing 
500 gm. The aortic valve was extensively calcified. The middle and 
lower lobes of the right lung were consolidated. 

Peculiar solid bodies were found lying within the sarcoplasm of 
the h3^ertrophied heart muscle. The end of the body adjacent to 
the nucleus was bluntly rounded, the other end pointed. Near the 
bluntly rounded end was an oval vesicular nucleus containing one or 
more chromatin particles, and close to this nucleus, in some in- 
stances, a solid round structure. One or more oval vacuoles were 
present, often near the pointed end. The bodies averaged 52.5 
microns in length and 5.5 microns in width. They were usually 
straight, except for slight undulation. In Figure i is shown a photo- 
graphic reconstruction of one of these structures. One body was 
found that was turned abruptly at right angles close to the muscle 
nucleus, another was shaiply bent upon itself. 

* Received for publication May 24, 1934- 
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Another of these bodies was divided longitudinally through part 
of its length, so that it was roughly Y-shaped. There were two 
rounded ends directed toward the nucleus; the other end was sharply 
pointed. In one of tlie limbs with the rounded ends were two nuclei, 
in the other, a single nucleus. A large vacuole v;as present just where 
the two limbs joined. 

Two larger bodies were discovered that had been cut across in 
sectioning the block of muscle. One of these fragments measured 
63 microns in length and 7 microns in width; near the rounded end 
was a huge nucleus 5.8 microns wide in which were three nucleoli, 
the largest 3.8 microns in diameter. The nucleus was constricted 
at its midportion (Figs. 2 and 3). 

The fragment of the second body likewise had a rounded end; it 
measured 45.5 microns in length and 7 microns in Vridth. The oval 
nucleus was 10.5 by 4.5 microns. The single nucleolus was 2.4 mi- 
crons in diameter (Fig. 4). 

In many of the muscle fibers fragments were found and it was ob- 
vious that they were parts of more than one of these bodies. 

The staining reactions were as follows. 


Stain 

Hematoxylin-eosin 

Gram 

Mallory’s phosphotungstic acid hematoxylin 
Heidenhain’s iron hematoxylin 
Carbol fuchsin followed by i % acid alcohol 
Giemsa 

Eosin-methylene blue, azur B 


Bodies 

Eosinophilic 

Gram-positive 

Yellow 

Black 

Not add-fast 

Nudeus deep blue, remainder 
robin’s egg blue 
Nudeus very deep blue, re- 
mainder dark blue 


The only internal structure that could be distinguished in these 
bodies, aside from vacuoles and nucleus with its nucleolus and chro- 
matin material, were fine granules in the bluntly rounded portion. 
In the phosphotungstic acid hematoyxlin preparations the peri- 
pheries of the bodies were refractive. 

These bodies were not encapsulated; they seemed somewhat rigid 
in the fiaced preparation. They appeared to be surrounded by clear 
fluid. They were situated always adjacent to the muscle nucleus 
with the long axis parallel to the direction of the myofibrils. The 
nucleus of the muscle was always indented or invaginated by the 
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bodies. The myofibrils were pushed to either side by the bodies, but 
were otherwise unchanged. 

The heart muscle containing these bodies was not enlarged, as 
compared with adjacent muscle that had none of them. There was 
no inflammatory reaction about muscle containing the bodies. 

The bodies were very numerous in the posterior part of the left 
ventricle and were less frequently observed in the muscle from the 
apex of this ventricle. None could be found elsewhere in the heart. 
The only voluntary muscle available for histological study was the 
diaphragm; none of these bodies could be discovered in it. 

These bodies do not conform to any known form of degeneration. 
Their definite shape and weK preserved nuclei, together with their 
staining reactions, would indicate that they are not simple degenera- 
tion products. They do not resemble any hitherto described para- 
site known to lodge in heart or voluntary muscle. 

Preparations have been shown to many pathologists and pro- 
tozoologists. The consensus of their opinion was that these bodies 
were of parasitic nature but none could identify them. It is not be- 
lieved that the bodies had any part in the production of the hyper- 
trophy of the heart. 
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. I. Photographic reconstruction of a body within a single muscle fiber. 
Due to slight undulation the entire body could not be brought into focus; 
it was photographed in segments and these matched as accurately as pos- 
sible. Gram’s stain, x 2050. 

M, N, indented heart muscle nucleus. 

N, nucleus of body. 

V, vacuoles in body. 
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Plate 148 

Fig. 2. Fragment of a bodj’ photographed at .sUglilly diflcrcnt levels. The con- 
striction of the nucleus and two nucleoli is shown. Gram's stain, x 2100. 

A, indented heart muscle nucleus. 

B, red blood cell that has floated into the space about the body. 
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Fig. 3. Fragments of a body photographed at slightly difTerent levels. The 
third nucleolus is shown in this figure. Gram's stain, x 2100. 

/\, indented heart muscle nucleus. 

B, red blood cell that has floated into the space about the body. 
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Plate 150 

Fig. 4. Fragment of a body. Gram’s stain. 


< 2100. 







TUBERCULOSIS OF THE MAJOR BRONCHI * 

Herbert S. Reichee, M.D., akd Thomas T. Frost, M.D. 

{From the Department of Pathology of the Cleveland City Hospital and Western 
Reserve University, Cleveland, Ohio.) 

Little attention has been given in the past to tuberculosis of the 
major bronchi J Ranke’s discussion, though valuable, is cursory and 
his remarks are scattered among his studies on the classification of 
tuberculous disease.^ Tuberculosis of the major bronchi is, however, 
of more than descriptive interest since it not infrequently leads to 
bronchiectasis; the rigidity and size of the diseased bronchi may im- 
pede collapse of the lung and interfere with the natural healing of 
cavities. Furthermore, the studies herein described reveal that the 
pathogenesis of tuberculosis of the major bronchi has unique features 
not found in other organs. 

In this article the term “major bronchi” refers to air passages 
that possess mucosa, submucosa, muscle, elastica, mucous glands, an 
encircling wall of cartilage and a definite adventitia. The material 
for study was obtained from 37 routine unselected cases of pul- 
monary tuberculosis, mostly chronic phthisis (tertiary isolated 
pulmonary tuberculosis of Ranke’s classification), but also cases of 
childhood tuberculosis (primary pulmonary tuberculosis with gen- 
eralization) and of mihary tuberculosis. The lungs were either fixed 
by injection of formalin into the trachea after removal from the 
chest, or hardened in situ by injection of formalin into the inferior 
vena cava. Identified blocks were cut, embedded in paraflln in the 
usual fashion and stained with hematoxylin-eosin. 

Gross examination of the bronchi yielded little of importance. No 
necrosis of the major bronchi was found although a thickening of the 
mucosa was often present. The gross appearance was deceptive, 
since an apparently well preserved wall might be the seat of exten- 
sive tuberculosis. Diffuse involvement which apparently would pre- 
clude a restoration ad integrum was found, however, only in phthisis 
with extensive cavitation or gross bronchiogenic spread, and even 
here bronchial mucosa which was but a few centimeters removed 
from the active focus was usually free from histologically specific 

* Received for publication April 27, 1934. 
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signs of tuberculosis. In such cases edema and a slight diffuse in- 
filtration with lymphocytes v/cre the only evidences of disease, an 
observation that is particularly striking since large quantities of in- 
fectious sputum must have passed over this mucosa daily for weeks 
and perhaps months. In this fact is found one of the principal argu- 
ments against the assumption that tuberculosis of the bronchi 
usually develops by implantation, a hypothesis that has hitherto 
seemed plausible to some observers because of a specious comparison 
of bronchus with intestine. Intestine, however, has an absorbing 
surface whereas the bronchus has not; in fact, the latter is equipped 
with strong barriers against the invasion of microorganisms by the 
possession of cilia, mucous glands and peristaltic activity. 

The most striking characteristic of tuberculosis of the major 
bronchi is the tendency for the disease to affect the mucous glands. 
The earliest manifestations of tuberculous adenitis cannot be dis- 
tinguished from the simple lymphatic infiltration noted above. 
Tubercles appear which may be of the dense proliferative type or 
may consist of a central core of caseation with a wide zone of perifo- 
cal reaction. In either case the process is definitely hclwccn the acini 
of the gland. The latter are pressed aside, either undergoing atrophy 
or, owing to obstruction of their ducts, becoming dilated. This is 
additional evidence that the infection does not proceed from the 
bronchial lumen by way of the collecting tubules of the mucous 
glands. 

The predilection of tuberculosis for the mucous glands is all the 
more striking because glands of the same structure and analogous 
functions elsewhere, e. g. salivary glands and pancreas, are not espe- 
cially prone to show tuberculous disease. Furthermore, the mucous 
glands themselves have rarely shown any disease in cases of pure 
acute miliary tuberculosis, although here and there a few scattered 
tubercles may be foimd in the foci of lymphatic cells of the sub- 
mucosa. Tuberculosis of the mucous glands is therefore usually 
associated with a tuberculous bronchitis and is probably not due to a 
hematogenous distribution. 

An explanation for the role which the mucous glands play in 
tuberculosis of the major bronchi is found in the minute anatomy of 
these structures. On the basis of publications by Lewis and Stohr,^ 
Piersol,^ Macklin,^ Berry, Brailsford and Daly,® and Miller,’’® it is 
possible to outline the pertinent data. Cartilage, muscle and elastic 
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tissue of a major bronchus represent an almost faultless wall inter- 
posed between submucosa and a rather loose adventitia. The main 
groups of mucoiis glands are found between the cartilage and the 
muscle. External to the cartilage lobules of these glands are also 
found lying in the adventitia, hugging the ring of cartilage on one 
side and in intimate contact with the peribronchial alveoli and lymph 
nodes on the other. Ducts from these lobules pass through the elastic 
membrane between the links of the cartilage, pierce the muscle and 
internal elastic membranes to enter the submucosa and finally reach 
the lumen of the bronchus. Sometimes this extracartilaginous 
glandular tissue is but an outpouching of the mucous glands internal 
to the ring of cartilage. In the adventitia and often close to the 
extracartilaginous glands are the lymphatics and venous tracts 
which transport fluid from the periphery of the lung to the hilum. 
All the highly infectious material carried from a parench3nnal focus 
must in large part pass through these avenues. The lymphatic flow 
in the bronchus itself is from the submucosa out toward these main 
pathways; it is therefore centripetal. Veins and arterioles pass 
through the same clefts as the extracartilaginous glands. 

This portion of the mucous glands is a portal of entry in tuber- 
culous bronchitis and the mode of infection may be called ‘‘infection 
by contiguity.'’’ The source may be a tuberculous pneumonia of the 
peribronchial alveoli. Such a condition is found in and near cavities 
where the bronchial wall usually resists destruction much longer 
than the parenchyma, and the tuberculous process outflanks, as it 
were, the bronchus. More important, however, are tuberculous 
lymphangitis and phlebitis of the vessels which pass toward the 
hilum in immediate proximity to the extracartilaginous glands. In 
extensive disease of the parenchyma such changes are practically 
never absent and unless fibrotic induration of the bronchial adven- 
titia with atrophy of the extracartilaginous mucous glands occurs, a 
spread to the interior of the bronchus is inevitable. Diseased lymph 
nodes furnish another source. Tuberculous disease which affects the 
peripheral portions of these nodes is prone to spread to the adventitia 
of the bronchus and from there to the mucous glands. Severe pneu- 
moconiosis will develop exactly the same condition and it has also 
been described in tumor metastases.^ 

Implantation tuberculosis of the major bronchi appears to occur 
usually after massive irruptions of caseous material. It may be seen 
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in secondary bronchi of a lower lobe which is the seat of a bronchio- 
genic distribution from a large apical cavity. Apparently the mass 
of the infectious material and the elTcct of gravity in the bronchi of 
lower lobes counteract the protective action of cilia, mucus and 
bronchial peristalsis. Hence implantation tuberculosis was not seen 
in the larger bronchi draining the upper lobes, even though the 
blocks were taken but a few centimeters from a large cavity. 

In these cases a different mechanism of infection prevails — hifcc- 
tion by conlinnity. Tuberculous granulation tissue and caseation 
creep by degrees along the submucosa, destroying the mucous glands, 
elastica and muscle even before the mucosa itself disappears. Car- 
tilage resists the destructive influences for a longer time and may 
be found in the midst of tuberculous granulation tissue. Its ultimate 
destruction is apparently consummated by a metaplasia into a 
fibrillar substance which is arranged tangentially to the central 
cartilage and in which are found small pyknotic nuclei. In some in- 
stances granulation tissue erodes the cartilage and bone formation 
occurs. In infection by continuity the mucous glands are not selec- 
tively chosen for attack; the patholo^cal process infiltrates all 
tissues. That even under these disadvantageous circumstances the 
bronchial wall exhibits considerable resistance was shovm in several 
instances by sections of serial blocks cut from main bronchi draining 
large tertiary apical cavities. The w’all of the primary’’ bronchus was 
well preserved; here and there a few tubercles were found in mucous 
glands or submucosa, but for the most part nothing but edema and a 
sparse infiltration with Ijonphocytes was seen up to the point where 
the secondary bronchi entered. Here the ■wall of the main bronchus 
showed a rather abrupt atrophy; muscle and elastica disappeared, 
the cartilage dvdndled in size and the submucosa became a mass of 
granulation tissue in which were found islands of atrophic mucous 
glands. This granulation tissue led directly into the pyogenic mem- 
brane of the cavity and it was not possible to determine where the 
secondary bronchi ended and the cavity began. Even far in advance 
of the tuberculous process fibrosis of the adventitia and atrophy of 
the extracartilaginous mucous glands were apparent; thus the bron- 
chus is protected from the effects of contiguous disease. Collapse is, 
however, impeded and obliteration of the lumen prevented by the 
dense hyalinized connective tissue which forms in adventia and 
submucosa. 
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Summary and Conclusions 

Tuberculosis of the major bronchi can be classified according to 
pathogenesis as (i) infection by implantation, (2) infection by con- 
tiguity, and (3) infection by continuity. The first is decidedly less 
common than the other two, a fact that may be ascribed to the pro- 
tective influences of cilia, mucus and bronchial peristalsis. Infection 
by contiguity is prone to occur because of the proximity of the extra- 
cartilaginous mucous glands to diseased lymphatics and lymph 
nodes. Proliferation of the adventitia and atrophy of the mucous 
glands tend to close this avenue. Infection by continuity occurs 
secondarily to an implantation tuberculosis in the lower lobes and in 
the bronchi draining a tuberculous cavity. Major bronchi appear to 
be especially resistant to tuberculosis; however, when fibrosis has 
transformed them into rigid tubes and mucosa and submucosa are 
destroyed and replaced by tuberculous granulation tissue, an open 
focus of disease is created which is rarely closed either by natural 
processes of healing or by pneumothorax or thoracoplasty.^® We 
therefore suggest that the critical aspect of a tuberculous cavity is 
not so much its size per se or the density of its wall, as its relation to 
a major bronchus. 
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Fig. 3. Longitudinal section of a bronchus showing advanced tul)erculous dis- 
ease by continuity. Note preservation of mucosa far into diseased area. 
Hematoxylin and cosin stain, x 10. 

Fig. 4. Infection by contiguity. Tuberculous lymphadenitis witii invasion of 
submucosa between clefts of cartilage. Note tuberculous disease of lymph 
vessels or venules and their proximity to extracartilaginous mucous glands. 
Hematoxylin and eosin stain, x 10. 
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SCIENTIFIC PROCEEDINGS OF THE 
THIRTY-FOURTH ANNUAL MEETING 

OF THE 

AMERICAN ASSOCIATION OF PATHOLOGISTS AND 

BACTERIOLOGISTS 


Held at the Banting Institute, 
University of Toronto, 
Toronto, Ontario, 

March 29 and 30, 1934 



THE AMERICAN ASSOCIATION OF PAllIOLOGISTS 
AND BACTERIOLOGISTS 

ABS'J'RACT OF BUSINESS SESSION 


President A'VTJRy in the Chair 


The Secretary presented the 
officers as follows: 

President 

Vice-President 

Treasurer 

Secretary 

Incojning Member of Council 
Assistant Secretary 


nomination of the Coundl for 

William Boyd 
N. CiiANDLi^R Foot 
F. B. Mallory 
Howard T. Karsner 
E. B. McKinley 
Alan R. Moritz 


Voted unanimousl)' to elect those nominated. 


Voted to elect the following nev; members: 


Arthur L. Amolsch 
A. B. Baker 
Eustace L. Benjamin 
Louis F. Bishop, Jr. 
Maurice Brodie 
Jesse L. Carr 
Albert E. Casey 
W. H. Chase 
Mortimer Cohen 
WiUiam D. Collier 
Martin H. Dawson 
Edgar C. Fielden 
Leroy D. Fothergill 


Olive Gates 
Philip H. Greey 
Arthur W. Ham 
Theodore R. Helmbold 
Louis A. Julianelle 
Harold B. Kenton 
Morton McCutcheon 
Herbert S. Reichle 
Paul D. Rosahn 
Nathan A. Womack 
David A. Wood 
Angus Wright 


It was also voted to reinstate Dr. Harold E. MacMahon. 


Voted to accept with regret the resignations of Drs. WiUiam 
Bloom, J. W. Churchman, H. R. Dean, E. C. Dickson, W. W. 
Ford, W. C. Quinby, O. H. Schultze, J. D. Weis, Benjamin White, 
Anna W. Williams and L. B. Wilson. 



Voted to record with deep regret the deaths of Drs. L. H. Braa- 
fladt, F. P. Gorham, A. L. Grover, P. E. McNabb and W. Ophiils. 

The Secretary reported that the Symposium for 1935 would be 
held in collaboration with the American Association of Immunolo- 
gists on the topic of Virus Diseases, and that Dr. T. M. Rivers had 
been selected as referee. 

The Secretary announced that the next annual meeting of this 
Association will be held at Cornell University Medical College, New 
York City, April 18 and 19, 1935. 


The Scientific program followed. 
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Preliminary Observations on the Cheahcal Relationship oe Antibodies 
TO tttf.tr Antigens. H. J. Perkin (by invitation), Toronto, Canada, 

Abstract. The purpose of this investigation was to study the chemical relation- 
ship between the antigen, antibody and the precipitin compound formed by their 
combination. lodo-albumin was chosen as a suitable antigen since it produces a 
strong antiserum and is capable of quantitative analysis in the presence of 
other proteins. A very pure form of iodo-albumin containing 9.55 per cent of 
iodine was prepared. It was demonstrated that 40 mg. of this protein injected 
intravenously into rabbits induced maximum antibody production. 

The blood iodine of rabbits immunized against iodo-albumin was found to be 
increased above the normal and control group. The greater part of this iodine 
was organically combined and present in the serum, although there was no direct 
relation between the increased blood iodine and the degree of immunity. 

Addition of antigen to imm une serum did not show precipitation of all the 
added antigen. However, the supernatant serum still showed precipitation on 
further addition of either antigen or antibody. A point of optimum precipita- 
tion with relation to the amount of antigen and certain conditions of precipita- 
tion was determined. Under these optimum conditions iodine analysis of pre- 
cipitated and “non-precipitated fractions” showed that less than 50 per cent 
of the antigen was precipitated. Dissociation of the insoluble precipitate to 
form a soluble fraction was demonstrated when the two fractions were allowed 
to remain in contact. 

The original purpose of determining whether the increased iodine in the im- 
mune serum was associated with the antibody could not be accomplished by 
the methods used, since the iodine of the serum represented only 5 per cent of 
the antigen iodine necessary to precipitate it, and the experimental error in 
iodine estimations of such small amounts was 6 per cent. 

Recovery of 3.4 mg. of precipitin with an iodine content of 0.7 per cent sug- 
gested that if a chemical union takes place it might be in the proportion of i 
part of antigen to 13 of antibody, assuming that no other serum proteins were 
carried down in the precipitate. Analysis, after washing the precipitate, sug- 
gested that perhaps the antibody may be precipitated by the antigen -without 
the latter necessarily forming any fixed union. However, the experimental 
evidence to date is inadequate to justify the drawing of any definite conclusions 
concerning the biochemical relationship between the antibody molecule and the 
corresponding antigen. 


Discussion 

(Dr. W. L. Holman, Toronto.) Realizing the large amount of antigen found 
necessary in producing precipitation -nith the sera of rabbits after prolonged 
periods of immunization, we are planning to use sera of am'mals at an earlier 
stage in the process when, according to I^Ianwaring, the predpitin complexes 
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arc apparently larger in size but fewer in number. If sufficient precipitate for 
the iodine determinations can thus be obtained we may approach close to pro- 
portions of antigen and antibody, which may help in solving our original problem 
by the analysis of the possible iodine content of the antibody complex. 


The Prepauation, Properties and Application.s op Lvophile Seruw 
Proteins and Complement. Stuart Mudd and (by invitation) John 
Rcichel, Earl W. I'losdorf and Harry Eagle, Philadelphia, Pa. 

Abslrocl. Certain appliaitions of familiar conditions, namely the use of lov/ 
temperature and absence of moisture and o.xygen, for preservation of labile 
substances arc here presented.* 

A practical method and apparatus is described by means of which water may 
be removed under a high vacuum (0.005-0.05 mm. Hg.) from biological prod- 
ucts in a frozen state. Quantities as large as 100 liters (c.g., the scrum from 
several horses), or as small as o.i ml. may be processed. The material is frozen 
by immersion of its containing vessel in a mixture of acetone and solid CO* at 
— 70 to — 8o°C and immediately placed under high vacuum. Evaporation 
then proceeds at a rate sufficient to maintain the frozen state. The vapor is 
condensed in a suitable trap immersed in a cold bath of acetone-solid COi 
mixture. 

The processing of many liters in bulk is of value for purposes of storage and 
concentration. The processing of small amounts in individual containers is of 
value in that it makes possible the preservation and distribution of labile ma- 
terials in any quantities. The apparatus described is capable of handling si- 
multaneously any number of containers, from one to several hundred, each hold- 
ing from O.I ml. to 500 ml. Upon completion of the process the containers are 
sealed off by fusing the glass exhaust tube with a torch, thus providing for 
storage in vacuum in individual sealed containers. All operations involved in the 
entire process are easily carried out with sterile technique. 

Quantitative tests on complement and antisera kept at various temperatures 
indicate that the period over which they retain their original potency is greatly 
prolonged by this method of preservation. Thus, complement so processed has 
shown no demonstrable deterioration after 4 months at room and icebox temper- 
atures, and diphtheria antitoxin and antipneumococcus sera have maintained 
their protective titer for the maximum period tested, namely 2 months, at 50° C. 
Tests are of course being continued for longer periods. The method makes 
available to the serological laboratory a pooled and stable complement, elum- 
nating the necessity of daily bleeding and assuring a uniform product. It af- 
fords an improved means of preserving antitoxic and antibacterial sera, and a 
convenient means for their storage and distribution. 

Finally, the process is making possible a wider exploration of the possibili- 
ties in the prophylactic and therapeutic use of human serum. A collection of 
human convalescent and adult sera preserved by this method has already been 
begun in Philadelphia. Clinical experience with these sera in measles prophy- 
laxis has been favorable. 

* Among those whose previous use of these conditions for preserving such substance 
we would acknowledge are Professor W. J. Elser of Cornell, Drs. L. F. Shackell, 
D. L. Harris, L. A. Rogers, Homer F. Swift, F. M. Huntoon and James Craigie. 
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Discussion 

. (Dr. E, G. D. Murray, Montreal.) I should like to ask Dr. Mudd whether he 
weighed very large quantities in doing the estimations of retained potency of 
this dry complement. I think in most laboratories we have to weigh very small 
quantities, and due to the error in weighing most of us do not get a straight line, 
as shown by Dr. ]\Iudd. I should like to ask him what difhculties in the appli- 
cation of this work arise from the error due to weighing dry material. 

(Dr. Lloyd Felton, Boston.) A question comes to my mind in a comparison 
of the dried and liquid complement. 1 could not tell from the chart whether or 
not Dr. Mudd meant that he added water to the dried material and kept it in 
that way. Of course most people interested in immune serum have dried it for 
years. I remember as a medical student I dried complement on filter paper and 
kept it for weeks at a time. The interesting thing in this paper is that there 
has been a method developed which can be made of commercial application in 
furnishing dried material, but I do not see how in the comparison between the 
dried and liquid materials there can be any advantage of the former over the 
latter. May I ask Dr. IMudd why the reconstructed complement is superior in 
keeping qualities in the icebox to the fresh complement bled and kept in the 
icebox? 

(Dr. Mudd, closing.) In the tests shown complement was not weighed in the 
dried form. We redissolved the processed complement by making up to original 
volume with distilled water. Pooled complement preserved in the “lyophile” 
form at room temperature, and redissolved, has been found by Dr. Eagle to be 
identical in activity and keeping qualities "with freshly pooled complement, 
within the limits of Dr. Eagle’s method of titration (±10 per cent). 

The method described does not endow sera with any activities they do not 
originally possess; it does allow for the preservation of sera, apparently for an 
indefinite time. Two hospitals which have used lyophile pooled complement 
for routine Wassermann tests have found it both economical and convenient; 
a complement of known and constant activity is thus made available for use at 
any time. 

In the case of human adult or convalescent serum the method is of service 
in that it permits sera to be collected when available and utilized when needed. 

There has been established at the Children’s Hospital, under the direction of 
Dr. Joseph Stokes, Jr., what we are calling the Philadelphia Serum Exchange. 
Pooled adult human serum and convalescent serum from diseases in which 
passive immunization is practicable are collected from Wassermann-negative 
persons, passed through a bacterial filter as an extra precaution, and processed 
with sterile precautions. The sera are redissolved by addition of distilled water 
and injected intramuscularly. The sera so preserved have been used success- 
fully for measles prophylaxis in the children’s wards of five Philadelphia hos- 
pitals and in a considerable number of cases in private practice. Smaller num- 
bers have been protected against chicken-pox. Pooled adult serum is also being 
injected, practically as a routine procedure, into patients entering the Chil- 
dren’s Hospital, as a prophylactic against possible exposure to contagious di- 
sease before admission. An additional advantage of preserving serum in the 
“lyophile” form is that it permits concentration of the serum. 
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Experimental Vaccination’ with B.C.G. B. J. Clawson, Minneapolis, ?vlinn. 

Abstract, Rabbits were vaccinated with i mg. of B.C.G. at 4 weekly intervals 
by the four follovdng methods: (i) subcutaneously with living organisms; 
(2) intravenously with livnng organisms; (3) subcutaneously with heat-killed 
organisms; and (4) intravenously with hcat-killcd organisms. The results were 
studied w’ith respect to safety and resistance. 

Safely: The degree of safety was estimated from the prc."cncc or absence of 
tuberculous lesions in the lungs, liver, spleen and kidneys in from 3 to 16 weck.s 
after the last injection of the vaccine, and from the presence or absence of 
allerg>’, as indicated by the Mantoux test. The lesions observ'ed were micro- 
scopic and in no case showed any evidence of becoming progressive. 

Lesions were found only in animals vaccinated intravenously with living 
B.C.G. and only in the allergic animals of this group. Ailcrg>' v.-as present in a 
high percentage in the animals vaccinated by all the methods, except in those 
vaccinated intravenously with beat-killed organisms. 

From the standpoint of lesions and allerg>' the method of administering the 
B.C.G. vaccine as heat-killed organisms intravenously carries with it the great- 
est degree of safety. 

Resistance: Three weeks after the last injection of the x-accinc another group 
of animals was injected intravenously with o.oi mg. of a virulent bovine strain. 

It was observed from the greater length of life in the vaccinated than in the 
non- vaccinated animals, from noting the less amount of involvement or absence 
of infection in the vaccinated animals, and from the absence of any resistance 
in the animals vaccinated with the timothy grass bacillus, that vaccination with 
B.C.G., living or heat-killed, gave a degree of specific resistance. While resist- 
ance was present in all four groups, it seemed to be greatest in the groups vac- 
cinated subcutaneouslv with lixing B.C.G., and intravenously xrith heat-killed 
B.C.G. 

The experiments seemed to show’ that efficient x’accinalion with B.C.G. may 
be safe and that, xvhile allergy may be assodated with resistance, as great or a 
greater degree of resistance against a tuberculous infection may be dex’eloped 
vithout a measurable amount of allergy'. Vaednating intrax'cnously with heat- 
killed organisms seemed to be the best method to develop resistance with safety. 


Discussion 

(Dr. E. G. D. Murray, ^Montreal.) I think that xve still hax'e to be x'ery 
cautious in draxx'ing conclusions from data of this kind in applying this immuni- 
zation to humans because, in the first place, relatively few animals were used 
in the experiments and, in the second place, it is dangerous to argue from ani- 
mals to man. It has been shoxTO by Stanley Griffith, who most of you know is a 
very cautious worker and xvho I know is rather interested in B.C.G. immuniza- 
tion and has had great hope of it, that although he can immunize calves, guinea 
pigs and rabbits, he has failed completely to immunize monkeys against tuber- 
culosis, either boxnne or human. On that account I think, in spite of the evi- 
dence of a lot of this kind of xvork which is accumulating, we still have to be very 
cautious before applying this method to human beings, even leaxdng out of con- 
sideration the possibility and probability of dissodation of this attenuated strain 
into a xdrulent phase, as several reliable workers have demonstrated. 
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(Dr. Esmond R. Long, Philadelphia.) The results presented by Dr. Clawson 
are convincing and are quite in accord with other experience on immunization 
with attenuated forms of living tubercle bacilli or with dead bacilli. We have 
always been able to secure some immunity, although not so good, with the old 
Saranac Lake strain, R I. I agree with Dr. Murray, however, that we should be 
very cautious in transferring these results to human beings. The situation as 
regards human tuberculosis is so different from that of ex-perimental tuber- 
culosis that we have to take special precautions in the interpretation of ex- 
perimental results. 

I should like to ask Dr. Clawson if he noticed any difference in the anatomical 
character of the tuberculosis in the controls and in those that had received the 
vaccination. We all know that we have at least two distinct kinds of human 
tuberculosis, the tuberculosis of childhood and the adult type. The point has 
frequently been made that we cannot expect B.C.G. to be very effective in the 
prevention of adult tuberculosis -when we realize that adult tuberculosis develops 
in the presence of an old childhood tuberculosis. If a childhood invasion which 
is sufficient to make a calcified nodule in the lung is not sufficient to prevent the 
later development of tuberculosis, how can we expect that B.C.G. will do it? 
On the other hand, it seems to me that tliis tjqie of immunization may be worth 
while in protecting against these progressive childhood infections which are 
responsible for a certain amount of our tuberculosis mortality. 

(Dr. Clawson, closing.) I have only reported data on rabbits. The results 
seem to be as good, if not better, in protecting guinea pigs against the human 
strain. 

In regard to the differences in the character of the lesions in vaccinated and 
unvaccinated animals I do not want to speak definitely, but I think there was 
more necrosis and a great many more organisms in the lesions in the non-vacci- 
nated animals. In many lesions in the vaccinated animals it was impossible to 
find organisms at all. In most of the lesions in the non-vaccinated animals the 
organisms were distinct and could be seen by holding the tissue up to the naked 
eye. 

The question which Dr. Long raised about the childhood tuberculosis having 
a protective effect against subsequent infection raises the question of just what 
degree of immunity such children do have as a result of just one lesion. I at- 
tempted to measure that to some extent by experiments. I made a series of 
animals allergic by giving them a large injection of B.C.G. subcutaneously, and 
then measured the concentration of the antibody by determining the comple- 
ment fixation and agglutination titers. I then took another series of anim al s 
and vaccinated them intravenously with heat-killed organisms, and the titers 
were decidedly greater, which suggested that by vaccinating those that are 
allergic an increased immunity may be induced. 

The Pathogenesis of Acute Anterior PoLiOMmETiTis. Maurice Brodie (by 
invitation). New York City. 

Abstract. In order to determine whether or not the nasal cavities constitute the 
portal of entry for the virus of poliomyelitis and also to determine whether or 
not the virus travels along the olfactory nerves a bilateral section and partial 
removal of the bulb and tract was carried out on a series of Macacus-rhesus mon- 
keys by means of a transfrontal approach prior to intranasal administration of 
virus. The animals with cut olfactory nerves resisted intranasal inoculations 
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of the virus, in one experiment as many as 12, whereas (he controls became 
paralyzed following a short incubation period after a single inoculation. 

The nasal mucosa is innervated not only by the olfactory' nerves, hut also by 
branches of the fifth and seventh cranial nerves. In addition, virus can percolate 
from the nasopharynx to the tonsils %vith its intact nerve supply, Yet, upon 
cutting the olfactory tract no infection occurred, indicating clearly that the 
first cranial nerve is the only one of the nasopharynx that can transmit the 
virus of poliomyelitis from the nasophaiymx to (he central nerx'ous system. 
Over a period of 3 weeks 2 experimental animals received 12 intranasal inocula- 
tions, of which considerable must have dribbled into the gaslro-intcstinal tract. 
This obserx'ation discounts the gastro-intcstinal tract as the portal of entry. 

When animals with severed spinal cord but closed dura and an intact hema- 
togenous system and flow of spinal fluid were injected into the upper or lower 
segment the virus failed to pass the gap in the cord, showing that the virus 
spreads along nerve tracts and not by the spinal fluid or blood. Inasmuch as 
the perineural lymph spaces of the olfactory ncives continue into the subarach- 
noid space and the ncrv'c fibers into the rhinencephalon the virus must travel 
along the nerve fibers. A correlation between the infcctivily of the central 
nervous system of monkeys, at the acute stage of the disease, with the amount 
of nerve cell destruction and also the loss of infcctivity with rcmo%'al of neu- 
rones, indicates that most of the virus is lodged in the neurones. 

Experimental poliomyelitis, then, is entirely ncurotropic; the virus travels 
along the olfactoiy nerve fibers to the central nervous system where it is prop- 
agated along the nerve tracts. Since only the olfactorj' nerve of the nasal cavity 
can cany the virus and because no infection was obtained when large amounts 
of virus reached the gaslro-intestinal tract the porta] of cntiy must be the 
nasal cavities. 

St. Louis Encetiialitis — Exi’erimekts on* Pathogenesis and IziiiuKixy, 
Leslie T. Webster and (by invitation) George L. Fite, New York City. 

Abstract. Susceptible mice given an intranasal instillation of the virus of St, 
Louis encephalitis develop, after a 5 to 6 day incubation period, an cncephab'tis 
that terminates fatally in 7 to 10 days. Their bloods and spleens rarely contain 
detectable virus at any stage of the infection. Their brains, however, show 
virus 2 days after infection and constantly thereafter, in amounts increasing 
to a maximum by the 6th day, when signs of disease first appear. Lesions in the 
anterior region of the olfactoiy' lobes are demonstrable on the 3rd day after 
infection. On the 4th day the lesions extend to the lobus piriformis, and on the 
5th day to the cornu Ammonis. 

Mice given an intraperitoneal or subcutaneous injection of 1000 lethal doses 
of the virus do not develop encephalitis but remain well. The injected virus is 
detectable in the blood, however, in considerable quantity within 10 minutes, 
but disappears after a few hours, depending on the size of the infecting dose. 
In the spleen virus persists for at least 7 days. 

These mice injected intraperitoneally or subcutaneously become immune, 
within 7 days, to 1000 intranasal or 1,000,000 intracerebral lethal doses. In- 
deed, a single subcutaneous or intraperitoneal dose as small as 0.000001 gm. 
brings about this high grade immunity, persisting unchanged for 5 v/eeks and 
doubtless much longer. 
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Serological Relationship oe St. Louis and Japanese Encephalitis. Leslie 
T. Webster and (by invitation) George L. Fite, New York City. 

Abstract. The recent outbreak of encephalitis in and about St. Louis, Mo., 
resembles epidemiologically and clinically the encephalitis in Japan designated 
Type B. A further comparison of the two diseases has now been made by means 
of a serological test based on the fact that the virus of the St. Louis disease 
mixed with serum from convalescents and injected intracerebrally into mice is 
specifically neutralized. Fifteen sera from cases in Japan have been tested — 
three from persons with encephalitis in August, 1924, and twelve from persons 
with encephalitis in August, 1933. None of the sera showed any protective 
action against the St. Louis virus. 


Discussion 

(Dr. Ralph D. Lillie, Washington.) I should like to ask what proportion of 
the sera from the St. Louis outbreak would protect against the virus which came 
from the same outbreak. 

(Dr. Howard T. Karsner, Cleveland.) This work has justifiablj'’ attracted 
widespread attention. The large volume of material presented in a short time 
has left me uncertain as to whether or not Dr. Webster and Dr. Fite have es- 
tablished the identity of these viruses as separate and distinct from others, for 
example, that of herpes. 

(Dr. T. M. Rivers, New York City.) I am certain a few words can clarify 
the situation for Dr. Karsner. In the first place it may be rather difficult for 
those not f am iliar with viruses to understand how two virus diseases of the 
central nervous system may present the same clinical, epidemiological and 
pathological picture, and yet be quite different serologically. The St. Louis 
encephalitis and the Japanese summer encephalitis are similar, if not identical, 
clinically and pathologically but the active agents involved are immunologicaUy 
different. The brain responds to injury in a limited number of ways. Conse- 
quently, different etiological agents can produce the same clinical and pathologi- 
cal picture. There is no doubt of the fact that the sera which came from Japan 
do not neutralize the virus recovered from the St. Louis epidemic. Among the 
diseases of lower animals one finds good examples of the state of affairs about 
which I have just spoken. In horses, for instance, an encephalomyelitis occurs 
in the East and in the West. The disease in the two localities is similar clini- 
cally but different immunologicaUy. The same is true of foot-and-mouth dis- 
ease; different strains of virus produce the same clinical and pathological pic- 
ture, but differ immunologicaUy. Furthermore, in vesicular stomatitis there are 
two strains of virus which cause the same clinical picture but differ immunolog- 
icaUy. One does not need to Ulustrate the point in question in more detail. It 
is not surprising, therefore, that in human beings there are virus diseases which 
resemble each other very closely and yet are caused by active agents immuno- 
logicaUy different. 

(Dr. Lloyd Felton, Boston.) Dr. Rivers has answered the question I was 
going to ask, but I should add this comment — that occasionaUy we need a 
Uttle mental stimulation when it comes to medical research. Some people do; 
others don’t, but I do. When Dr. Webster came to Boston and gave his paper 
I was sure if Paul de Kruif had been present he would have made a picture of it. 
To me it was a beautiful piece of work done in such a short time and in such 
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conclusive fashion. Here is the picture of an epidemic in the West and the doc- 
tors running around and trying to do everything they can to help. 13 r. Wcb.stcr 
goes out and with the greatest spirit of cooperation v.-ith the Westerners he 
detects the virus and injects it into mice. He gets it out and fonov/.s it, as the 
picture shows you. It was a lot of work, requiring a lot of patience. To me it is 
such a pretty thing that although I am a pessimistic optimist it docs give a 
worthwhile slant on medical research, and really doing things that can be done 
in a clear-cut fashion. I think Dr. Webster and the people who cooperated with 
him dcscr\'e a great deal of commendation for the very excellent way they have 
conducted this research. 

(Dr. Maurice Brodic, New York City.) Regarding what Dr. File has brought 
out concerning the Japanc.se epidemic being different from the St. Louis epi- 
demic, there is a possibility of the same thing in polio, as pointed out by Aus- 
tralian workers. In studying human strains we have found immunological 
differences between two recently isolated strains and the monkey passage virus 
which we arc studying. Whether there is no relation whatever between them, 
or whether it is merely quantitative we cannot as yet say, but we know there is 
a difference. We have done some work with the encephalitis virus, and the 
first question was whether it was herpes, and I think Dr. File pointed that out 
pretty well, but we have done other work on it. The fact that you cannot in- 
fect guinea pigs speakvS pretty definitely against its being herpes. W'e took a 
series of forty normal sera, and whereas over 30 per cent of normal individuals 
show neutralizing substances to the herpes virus no one showed neutralizing 
substances for this virus. 

(Dr. Fite, closing.) In regard to the percentage of the St. Louis cases that 
neutralized the virus I am sorry I have not the figures here, but over 90 per cent 
of those sera that were taken more than 10 days after the onset of the disease 
did neutralize it. Those taken earlier for the most part did not. 

Dr. Brodic has answered pretty well the argument against this \arus being 
the herpes virus. It does not infect guinea pigs or rabbits. Inoculation of the 
eye, skin or brain of a rabbit produces no fever, no restlessness, no sign of 
herpes whatever. Herpes sera fail to neutralize the virus in any degree. There 
arc many of the same sort of reasons for believing it is not identical with the 
virus of equine encephalomyelitis or vesicular stomatitis. We ourselves, who 
happen to be familiar with the virus of louping-ill, know there is no cross- 
neutralization between the sera of either one with the other x-irus. 

The Growth or Capsular Substakces Independently erom the Bac- 
teria. Louis Dienes, Boston, Mass. 

Abstract. Certain bacterium strains produce in excessive amounts capsular 
substances and their grow’th is the cause of such phenomena as the ropiness of 
beer, mucoid fermentation of dough, and so on. We studied subtilis strains 
showing this property and observed that on saccharose agar plates the mucoid 
extrabacterial material grows out from the colonies to a considerable distance 
(up to 20 mm.) on the surface of the agar, forming a halo around the colonies. 
The halo contains no bacteria and transplants of it on the usual media remain 
sterile. On saccharose-containing media the transplants have been cultivated 
in 4 generations as a transparent material in which bacteria were not repro- 
duced. In preparations stained with flagellar staining methods the capsules of 
the bacteria appear as a dense, hair-like growth of fine filaments. The capsules 
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of pneumococcus and of other different bacteria appear to be similar. The ex- 
trabacterial substance in the subtilis colonies consists mostly of the above men- 
tioned fine filaments. There are many degenerating bacteria in the culture which 
often show polar staining, and many polar bodies are lying free among the 
bacteria. In preparations from the halo, stained with flagellar staining methods, 
we found different morphological elements: long, fine filaments which repre- 
sent probably the element on which the expanding of the halo depends; short, 
very fine filaments connected with granules; small, round or oval, spore-like 
bodies which sometimes form with the filaments asteroid figures; and broken- 
off parts of thicker filaments which sometimes grow out from the spore-like 
bodies. The morphological elements of the halo are different from the elements 
of any known bacterial culture but present close similarity to the elements 
found in the cultures of the viruses of plmropncimonia bovis and agalactia. The 
growth phenomena and the definite morphological structure of the halo furnish 
convincing e\ddence that the production of the halo represents the growth of 
living elements different from the usual bacterial forms. The structures which 
are regarded as a capsule around the bacterium may assume a quite different 
biological significance. As every spore from a heated spore emulsion reproduces 
the halo it is probable that the elements of the halo are derived from the bacteria. 


Discussion 

(Dr. Marcus W. Lyon, South Bend.) I should like to ask Dr. Dienes how he 
stains these structures. They look like flagella in some instances and in others 
are quite different. 

(Dr. Dienes, closing.) The filamentous structures in the culture and the 
capsule of the pneumococcus are stained best by Loeffler’s method, while the 
elements in the halo are stained best by Zettnow’s method. These filamentous 
structures are certainly different from flagella, because they can be stained be- 
side each other in the same preparations. 

The Proteases and Anti-Proteases of Pleural Exudates. Charles Weiss 
and (by invitation) E. J. Czarnetzky, San Francisco, Cal. 

Abstract. Not received. 

Tissue Reactions in Immunity: Tissue- Antigen Reactions in Protein- 
Immunized Rabbits. Reuben L. Kahn and (by invitation) Elizabeth L. 
McDermott, Ann Arbor, Mich. 

Abstract. When specific protein is injected into some fixed tissue, such as the 
skin or muscle, of a protein-immunized rabbit the protein is localized at the 
site of injection and an inflammatory response is soon noted. It is believed that 
the tissue combines with the protein, thereby anchoring it and preventing it from 
diffusing throughout the body, and that the inflammatory response tends to 
wall off the injected area and destroy the protein. With a standard method of 
immunization a given tissue possesses a combining capacity for a certain quan- 
tity of protein only. When this quantity is exceeded uncombined protein finds 
its way to the other tissues of the body. Also, different tissues of protein- 
immunized rabbits possess different capacities for combining with the protein, 
the cutaneous and peritoneal tissues possessing combining capacities approxi- 
mately ten times as great as those of in vivo plasma and of muscle and brain 
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tissue. If a protein-immunized rabbit is given an intravenous injection of the 
specific protein and soon after tlic same protein is injected into the skin, no 
loail inflammatory response will be noted. As a result of the intravenous in- 
jection the animal is disimmunized (desensitized) temporarily,* The term dis- 
immunization is preferred to desensilization, which is used to express clinical 
conditions unrelated to these c.xpcriments. By tlisimmunity is meant the re- 
verse of the immune state. Only an immune animal can be disimmunized, 
hence disimmunity is not synonymous with susceptibility or non-immunity. 
The tissues in the disimmunized state perhaps become "saturated'' with the 
protein and thereby lose their capacity to combine with additional protein. 

These quantitative aspects of the antigen-combining capacities of the tissues 
of protein-immunized rabbits are indicated by a method devised in this labora- 
tory.! The method utilizc.s horse scrum as the immunizing reagent and modi- 
fied horse scrum in the form of antitoxin with its specific to.xin as the reagents 
for measuring the tissue changes as a result of the immunization with horse 
serum. Thus, if into the skin of a horse serum-immunized rabbit are injected 
50 M.I..D. of diphtheria toxin, and simultaneously 750 units of horse serum anti- 
toxin are injected subcutaneously in another area, the rabbit wall succumb, in- 
dicating that the subcutaneous tissue combined with the antitoxin, thus per- 
mitting the toxin wdiich diffused through the body to exert its lethal action 
unhampered. If 1000 units of antitoxin arc injected the rabbit will survive; 
some uncombined antitoxin presumably escapes from the area of injection and 
neutralizes the toxin i« vho. When a horse serum-immunized rabbit is injected 
intravenously with a considerable amount of horse serum the rabbit becomes 
temporarily disimmunized; the skin loses its capacity to combine with anti- 
toxin and 20 units of this reagent will be found sufficient to save this animal 
from 50 of toxin, similar to the amount of antito.xin required to save 

normal rabbits. 

It is believed that these findings have a bearing on immunity to bacteria, 
emphasizing particularly the quantitative nature of the immune state of the 
tissues. The skin, for example, may have a reacting or combining capacity for 
staphylococci of certain virulence, sufficient to prevent these organisms from 
permeating into the deeper tissues of the body. This immune manifestation 
apparently is broken down if the quantity of organisms exceeds the limit of the 
combining capacity of the skin. The fact too that tlie skJn possesses this com- 
bining capacity to a greater extent than muscle or brain tissue would indicate 
that the property of the skin to prevent the spread of these organisms into 
other tissues of the body is greater than that of muscle or brain tissue. In a 
condition where the organisms circulate in the blood stream in considerable 
numbers we are undoubtcdlj' dealing with a phase of disimmunity. Whereas 
in the immune state the host is able to keep the infecting organisms localized, 
in the disimmune state the organisms tend to become widespread throughout 
the body. The host has the upper hand over the organisms in the immune 
state, wiiile the organisms have the upper hand in the disimmune state. It 
should be added that under the conditions of the experiments described the 
disimmune state is rapidly followed by an immune state usually of a higher 
level than before disimmunization, indicating that the disimmune state serves 
as a stimulus to the animal to build up its immunity. 

* Kahn, R. L., J. Bad., 1934, 27, 92, 

t Kahn, R. L., Science, 1934, 79, 172. 
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Tissue Reactions in Immunity: Tissue-Antigen Reactions During 

Period oe Incubation. Reuben L. Kahn, Ann Arbor, Mich. 

Abstract. The period of incubation in these experiments refers to the interval 
between the time of injecting a protein into a rabbit and the development of 
the capacity of the skin specifically to react to a second injection of the protein. 
Little is known regarding the immunological changes in the body tissues of 
the rabbit during this period of incubation, which is believed to extend for about 
a week or more. By means of the antitoxin method utilized in the studies pre- 
sented in the preceding paper it was possible to establish that immunological 
changes begin to take place in the sldn of the rabbit as early as 48 hours after 
an injection of protein. If a rabbit is given an immunizing injection of horse 
serum and 2 days later is injected with 50 m.l.d. of diphtheria toxin intracutane- 
ously,.and simultaneously in another area of the skin with 20 units or in some 
cases with 25 units of horse serum antitoxin, the animal will succumb from the 
toxin. Normal rabbits succumb from 50 m.l.d. toxin when only 15 units or less 
of antitoxin are injected into the skin, but are saved by 20 units. It is believed 
that the skin of the 2 day previously injected rabbits develops as a result of the 
injection a slight capacity to combine with antitoxin, which is essentially specific 
antigen. Hence, 20 or 25 units of antitoxin are not sufficient to save them from 
toxin death. 

It was further observed that many factors play important roles in the de- 
termining whether tissue changes will take place during this short incubation 
period or not. Preliminary experiments indicate that the quantity of horse 
serum injected and whether it is undiluted or diluted with salt solution; the 
route of injection; the age of the rabbit, especially whether it is in a growing or 
in a mature state; also the non-specific immune state of the rabbit — all these 
and undoubtedly other factors affect tissue changes during this period. A rel- 
atively large dose of horse serum, injected intracutaneously or subcutaneously, 
may prolong the incubation period, whereas a small dose of the protein solution 
is likely to shorten the incubation period and thus hasten the appearance of 
detectable immune changes in the skin. When the horse serum is injected intra- 
venously, thus far no detectable skin changes have been observed 2 days after 
the injection. Mature rabbits show more marked tissue changes during the 
period of incubation than young rabbits. Non-specific immunity also tends to 
hasten tissue changes. Beginning with 3 days after an immunizing injection of 
horse serum specific tissue changes show a gradual increase. No attempt has 
thus far been made to determine tissue changes in less than 48 hours after the 
injection. 

It would appear from these studies that the tissues of an animal during the 
incubation period following the entrance of bacteria into the body undergo im- 
portant immunological changes. The extent of these changes may be a deter- 
mining factor as to whether or not the organisms will be prevented from estab- 
lishing an infection. Indications are also that the smaller the quantity of 
organisms gaining entrance the more rapid is the immune tissue response, while 
with a larger quantity of organisms the oncoming of immunity is Iii:ely to be 
delayed. 'J'hc general belief that small do5e.s of infecting material tend' to im- 
munize, while large do.-es lend to bring about infection, appears to be sub- 
staiuiale<l by these studies with protein. That the tissues of mature animals 
pu.sscs.s greater immune cafsadty than those of young animals is also of in- 
terest. It is hoped that extensive studies of thcse'factors governing tissue im- 
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munity during the incubation period will throw light on the immune mechanisms 
of the body tissues during this period and will open the v/ay to special means of 
stimulating the immune response of the tissues during this same period in 
infection. 


Discussion 

(Dr. Stuart ^ludd, Philadelphia.) I have been impressed with the recent 
papers of Dr. Arnold Rich in the field of allergy and immunity. It seems to me 
that he has advanced the subject importantly by shovdng that allergy and im- 
munity can be separated. I take it from Dr. Clawson’s paper this rooming that 
he also has been able to distinguish and separate immunity and allerg>' in 
tuberculosis, the field in which these two conditions have most often been re- 
garded as perhaps inseparably associated. If 1 understand Dr. Kahn correctly 
he is introducing the term “disimmunization” and defining it in terms of re- 
moval of allergy. It seems to me that introduction of a new term into an already 
confused terminologj'^ is always a doubtful step; in particular the question 
arises in my mind as to whether Dr. Kahn’s term "disimmunization” serves to 
clarify or merely further to confuse this subject. 

(Dr. Louis Dienes, Boston.) From the interesting observ'ations of Dr. Kahn 
I was mostly interested in the early appearance of specific response. I have 
studied, together with Dr. Tracy B. Mallory, the first appearance of hynersen- 
sitivencss and we found that either in rabbits, guinea pigs or in man it is pos- 
sible to obtain definite skin reactions on the 4th day after the immunizing in- 
jection. We found, furthermore, that the early manifestations of the specific 
response are qualitatively different from the later manifestations. The early 
skin reactions do not start to develop vdth an exudation like the later reactions, 
and infiltration with mononuclear cells is the most pronounced feature of them. 
This type of reaction is present on the 4th, 5th and 6th days after treatment; 
later — and always in passively sensitized animals — the sldn test produces 
a different type of reaction in which meudation plays the most important part. 
So the mechanism of the specific reactions which the antigen produces at the 
site where it comes in contact wth the tissues is markedly different in the early 
and later stages of immunization. We could not obtain direct evidence con- 
cerning the role v;hich the early phase of the specific response plays in the heal- 
ing of disease, but it seems probable that this role is important. The late de- 
velopment of antibodies in disease and the observation that the introduction of 
antibodies, except in the first few days of disease, exert hardly any influence on 
it show that the healing cannot be explained simply by the production of anti- 
bodies. Such observations as the development of bone lesions or orchitis after 
the healing of typhoid fever point to the fact that the antibodies are not the 
only factor in the healing process and the local tissue resistance at the site of 
the lesions plays an important role in it. It is not impossible that the early 
phase of the specific response, -which is purely a tissue response, is more impor- 
tant for the healing than the production of circulating antibodies. The study of 
the early phase of specific response might give us important new information 
and it seems to me that Dr. Kahn has indicated a new and a very fine method 
for this study. 

(Dr. E. G. D. Murray, Montreal.) I think the question of the difference be- 
tween allergy and immunity might lead to an interminable discussion. Ho^vever, 
it seems more profitable at the moment to regard aUergj-^ as just a stage in the 
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production of immunity. This work of Dr. Kahn’s has a very direct application. 
The astonishing thing to me is that the peritoneal route in the immunized animal 
should hold up the antigen to such an extent, because one would have expected 
on what has been done before that the absorption of antibody introduced by 
the intraperitoneal route would be only second to the intravenous route. The 
application of this work is in the administration of immune serum. I have been 
privileged, very much privileged, by the courtesy of the Connaught Laboratory, 
to use staphylococcus antitoxin therapeutically during the past year, and it 
has been very surprising in patients who have some degree of, let us say, sen- 
sitiveness to horse serum, what an astonishing amount of that antitoxin has to 
be administered by the intramuscular route, compared with patients who have 
had no history of previous administration of horse serum and who showed no 
degree of what is called allergy. The intravenous route is certainly the most ad- 
vantageous route, but the serious reactions which followed the administration 
of serum in certain cases place the patient in a position of very grave danger. 
Therefore other routes are desirable, and in the administration by the intra- 
muscular route we have found it necessary to “disimmunize” the patient. I 
should like to ask Dr. Kahn, mainly for my own guidance, how long the stage 
of "disimmunization” in these animals lasts, because at times with repeated 
administrations of antitoxin one has to face that problem. 

(Dr. Kahn, closing.) I am thankful to Dr. Mudd for bringing up the question 
of the relation between allergy and immunity. It is true, as Dr. Murray stated, 
that if we entered extensively into a discussion of this subject we would never 
get through. It is important, however, to emphasize our different points of view 
from timp to time so that we may all keep this subject in mind. The question 
under consideration is in reality whether a specific inflammatory response is 
immunological or allergic in nature. If immunological the inflammation must 
be interpreted as being protective; if allergic the inflammation must be inter- 
preted as some condition opposite to protection. Pathologists have long ago 
defined inflammation as a defensive mechanism. If this definition is to stand 
it seems to me that we must accept the specific inflammatory response in an im- 
munized animal as immunological in character. Therefore, when, by some 
special means we rob the tissues of the capacity to produce a specific inflam- 
matory response we produce a condition which is the reverse of the immune 
state, namely, we disimmunize the animal. 

To illustrate — a given amount of horse serum, such as i cc., is injected sub- 
cutaneously in a rabbit. The horse serum soon diffuses from the area of injec- 
tion and the greater portion is gradually eliminated through the kidneys. Sup- 
pose the same quantity of horse serum is injected subcutaneously in the same 
rabbit some 2 weeks later. The injected horse serum does not diffuse from the 
area of injection; it remains localized and an inflammatory response soon be- 
comes visible in that area. The inflammation apparently tends to wall off the 
injected area and destroy the horse serum by proteolysis. But the skin can be 
robbed of the capacity to destroy the horse serum locally by means of an in- 
flammatory response. All that is necessary is to inject the rabbit intravenously 
with horse serum. When this is done it may be that all body cells become satu- 
rated with the horse serum. Therefore, when this serum is injected into the 
skin the cells are incapable of combining further with it and of bringing about 
an inflammatory response. Following the intravenous injection of the horse 
serum the rabbit becomes disimmunized for a certain number of hours or for 
a day or two, depending on the quantity injected. The disimmunized state is 
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followed by the immune state when the skin will again respond with local inflam- 
mation to a cutaneous injection of horse serum. It should be recalled that the 
term desensitization is employed by clinicians to designate the return of allergic 
patients to normality. Obviously the horse serum-immunized nibbit which 
has been injected intravenously with horse scrum has not thereby been brought 
to the normal state. 

We are all familiar with the studies of local tissue immunity of Dr. Cannon 
and his associates in the University of Chicago. If tissue responses are basically 
allergic it seems difiicult to understand how we can have local tissue immunity. 
I have the highest regard for the work of Dr. Rich and Dr. Clawson, but I regret 
I cannot agree with their interpretation. Dr. Murray raises an important ques- 
tion. The disimmunized state is of very short duration, an animal apparently 
making evety effort to return to the immune state. 

An Effect of .Altering the fH of the Reactants in the Precipitin Re- 
action. James T. Culbertson (by invitation), New York City. 

Abslracl. Not received. 

The Bacteriological Dugnosis of Actinoiiycosis. P. H. Grcey (by invita- 
tion), Toronto, Canada. 

Abstract. The clinical data on 20 cases of actinomycosis which occurred at the 
Toronto General Hospital in 2 years, representing a four-fold increase in inci- 
dence, was presented. Practically all of these cases were diagnosed baclerio- 
logically and the procedure used routinely in making sucli a diagnosis w’as 
described. 

Bacterial Variation in Pneuiiococcus and Streptococcus Hexiolyticus. 
M. H. Daxvson (by invitation). New York City. 

Abstract. Studies in variation in pneumococcus have shown that this bacterial 
species possesses a third and distinct variant form in addition to the currently 
accepted S and R forms. The characteristics of this third variant form are 
described in detail and the interrelationships between the three chief variant 
forms are considered. 

Studies in variation in Streptococcus hcmotyticus have demonstrated that this 
species also po.ssesses three chief variant forms: (i) M (mucoid), (2) S (smooth), 
and (3) R (rough). Attention is particularly directed to the mucoid form. A 
comparison of these three chief variant forms of Streptococcus hemolytiens v-ith 
those of pneumococcus reveals a remarkable paralleh'sm in their salient char- 
acteristics. 

A review of the subject of variation in a wide variety of bacterial species 
reveals that the general phenomenon of variation fits into a more or less orderly 
and uniform pattern. The studies on variation in pneumococcus and Strepto- 
coccus hemolytiens show that variation phenomena in these species conform to 
that general pattern. 

Reference is made to the desirability of adopting a uniform terminology to 
describe corresponding variant forms in various bacterial species. 
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Discussion 

(Dr. Charles Weiss, San Francisco.) May I ask what is meant by neopeptone? 

(Dr. Dawson.) Neopeptone is a digest of casein which is now available com- 
mercially from Difco Laboratories, Detroit. Perhaps Dr. Avery wiU say a word 
about it. 

(Dr. 0 . T. Avery, New York City.) The neopeptone referred to is a product, 
the preparation of which is based on the results of studies carried out in our lab- 
oratory by Dr. Dubos, who demonstrated the presence in various commercial 
peptones of substances which are bacteriostatic in the oxidized form. The re- 
moval of these toxic products by chemical methods enhanced the growth-pro- 
moting properties of media containing the purified peptones. Dr. Dubos showed 
further that a peptic digest of casein was devoid of bacteriostatic substances 
and that the use of this product in culture media facilitated the growth of 
minute inocula of the more difficultly cultivable microorganisms. 

The Pathogenicity of the Genus Bacteroddes. D. C. Beaver, Rochester, 
Minn. 

Ahstract. The genus Bader aides, as defined by Castellani and Chalmers, and 
by Bergey’s Manual of Determinative Bacteriology, includes certain obligate 
anerobic, motile and non-motile rods which do not form endospores. French 
and German investigators have emphasized the importance of this group of 
microorganisms, stating that they are a frequent cause of suppurative and gan- 
grenous infections of man. Elsewhere in the literature they have been described 
only rarely. 

VeiUon and Zuber in 1898 were apparently the first to describe and isolate 
anerobic organisms of this type. They obtained several species from cases of 
appendicitis and other suppurative conditions, to which they gave the names B. 
ramosus, B. serpens, B. fragilis, B. jurcosus and B. fusiformis. Halle confirmed 
this work by isolating similar forms from the vaginal flora and from suppurative 
conditions about the female genital tract. He introduced a new species and 
named it B. funduliformis. Rist and also Guillemot, Halle and Rist recovered 
similar species from pulmonary abscesses and putrid empyema. Cottet de- 
scribed them as the cause of phlegmonous periurethral infections of the male. 
Harris and Norris found types similar to those described by VeiUon and Zuber 
in association with hepatic suppuration. The literature of the subject has been 
reviewed recently by Teissier, ReiUy, Rivalier and Stefanesco (1931), and by 
Cohen (1932). Teissier and associates placed particular stress on the occurrence 
of bacteren^ia in the course of infection with Bader oides fundtdiformis. They 
reported 4 cases. In Case i there were liver abscesses with apparently secondary 
abscesses of the skin and kidney. The illness in Case 2 began with sore throat; 
purulent pleurisy foUowed. The onset of iUness in Case 3 was also with sore 
throat; purulent pleurisy with some involvement of the lung supervened. 
Case 4 also had onset with sore throat; secondary abscesses of the sternoclavic- 
ular and right sacro-iUac regions and right groin developed. Cohen studied the 
bacteriology of abscesses of the lung, and concluded that anerobic organisms of 
the type under discussion were the usual cause. 

Of equal importance are the observations of Distaso, Debono, Teissier and 
Eggerth and Gagnon, that members of the genus Baderoides are abundantly 
present in the normal human intestinal flora. 
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The present study confirmed the v/ork of previous investigators. Backroidcs 
fuudulifonms and other species were found to be important as etiological agents 
in (i) infections of the male urinary tract; (2) ulcerating carcinomas of the 
colon; (3) perirectal abscesses; (4) suppurative appendicitis; (5) pylephlebitis; 
(6) abscesses of the liver; and (7) abscesses of the lung. In most instances 
there was demonstrable bacteremia. Infections were characterized by suppura- 
tion usually with abscess formation; sometimes there was gangrene. Experi- 
mental inoculation of guinea pigs and rabbits proved that the microorganisms 
were virulent for these animals; experimental abscesses similar to those ob- 
served in the human resulted. Infection of man by Backroidcs funduliformis 
and other species may provoke a profound toxic reaction, and in many cases the 
prognosis is extremely serious. 


Discussion 

(Dr. E. G. D. Murray, iMontrcal.) I should like to ask Dr. Beaver if he has 
any reason to account for the fact that he has found so few of these organisms 
in the fourth class, the female urogenital tract, considering that he has found 
such an unusual number of cases of infection in the other situations which he 
has described. In our experience Backroidcs can be isolated from the lochia of 
practically all women postpartum. We have isolated quite a variety of them, 
which we have considerable difficulty in pladng. Among others v.-e have a pig- 
mented form v.'hich produces a dense black pigment and has some properties 
resembling melanin. Considering the great frequency with which these or- 
ganisms are present in the human vagina it is surprising that there are not more 
serious conditions such as Dr. Beaver has described, I should like to Imov/ if 
he can explain that. I agree with him that they need a richer medium than is 
ordinarily described as being necessary for their growth. Usually they won't 
grow without blood or serum. 

(Dr. Beaver, closing.) In reply to Dr. Murray I would state that the only 
reason I have not found Backroidcs in infections of the female genital tract is 
that the material which I have studied is routine material, and I happen to 
have access more to colon material than any other tjq)e. Probably if I had the 
same access to infections of the female genital tract, I would find Baetcroides 
as frequently as Dr. Murray and others have. 

Inclusion Bodies in the Salivary Glands and Liver of AIice and Rats, 
Juanita Thompson, Washington, D. C. 

Abstract. This study was concerned with the spontaneous occurrence of a num- 
ber of intracellular abnormah'ties in the salivary glands and liver of mice and 
rats. Some were found in relation to a highly fatal spontaneous epizootic in 
which many of the animals presented gross manifestations closely simulating 
the so-called cutaneous or generalized type of infectious ectromeha. In a se- 
lected group of 25 animals inclusions were only demonstrated satisfactorily in 
five of the livers. The inclusions occurred in both the cytoplasm and the 
nucleus. The other intracellular formations seen were found in apparently 
healthy animals. In the mucous acini of the submaxillary glands in both mice 
and rats large inclusion-containing cells v/ere found in a considerable number 
of the animals. These histological structures had many features in common 
with the inclusions associated with guinea pig submaxillaiy virus disease. In a 
considerable number of cases imusual intranuclear changes were also observed 
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in the acinar cells of the facial portion of the parotid glands of apparently 
healthy rats and in the hepatic cells of seemingly normal mice. The changes 
were comparable to the intranuclear inclusions reported by Findlay in the 
livers of a strain of apparently healthy mice. The intracellular formations seen 
in both rats and mice lead one to believe that at least in some cases their pres- 
ence suggests latent virus. 

Pseudo Skin Reactions as a Complicating Factor in the Interpretation 
OP THE Dick Reaction Before and After Immunization Against 
Scarlet Fever. M. L. Menten and (by invitation) C. G. King and 
H. H. Finlay, Pittsburgh, Pa. 

Abstract. Results of immunization against scarlet fever previously obtained by 
us in older individuals (doctors and nurses) indicated that in many of these 
despite 5 or even 6 immunizing doses of toxin many persistently remained Dick- 
positive, but were apparently not susceptible to scarlet fever. It appeared as if 
the skin of such individuals had acquired a sensitivity to certain proteins de- 
rived from the streptococcus. 

In order to test such a hypothesis 112 individuals between the ages of 10 and 
19 years, who gave positive skin reactions to Dick commercial toxin and specific 
toxin partially purified by us, were skin tested before immunization with the 
following 3 ancillary tests, viz., toxin boiled I5 hours, dilute antitoxin, and toxin 
neutralized with antitoxin. They were then given at weekly intervals 5 im- 
munizing doses. On retesting the following results were obtained: 55, or 49 
per cent, were negative to Dick toxin and negative to our toxin; 34, or 30.4 per 
cent, were negative to Dick toxin and positive to our toxin; 23, or 20.5 per cent, 
were positive to Dick toxin and positive to our toxin. The 57 who showed posi- 
tive reactions were then given the 3 ancillary tests. Fourteen of the group of 23, 
who after immunization were still positive to both tests, were originally nega- 
tive to boiled toxin and through immunization had acquired a positive reaction 
to boiled tqxin. Immunization procedures had apparently rendered the skin 
more sensitive to protein reaction. Further evidence of this phenomenon was 
also noted in the acquisition of sensitivity to antitoxin following immunization. 
Analysis of the other group of 34 gave similar data. 

We believe the above may help to explain some of the discrepancies reported 
by investigators of immunization against scarlet fever. 

Hereditary Variations in the Blood Cytology of Normal Rabbits. 
Albert E. Casey, P. D. Rosahn, C. K. Hu (by invitation) and Louise 
Pearce, New York City. 

Abstract. Studies in the laboratory of the Rockefeller Institute for Medical 
Research have demonstrated rvide variations in the blood cell formulae of 
normal rabbits comparable in magnitude with variations in coat color, size, 
body and organ weights and other constitutional factors. Except for minor 
seasonal fluctuations these differing blood cell formulae were found to be fairly 
stable during conditions of health and vigor and to be closely related to the 
natural resistance of the rabbit host to several experimental and spontaneous 
diseases. Further studies on standard bred stock have revealed that the dif- 
ferences in the blood formulae among normal rabbits are largely inherited dif- 
ferences, and studies on the transmission of such characters are now being 
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made. The most striking evidence of inheritance wa.s found in the values for the 
basophilcs, lymphocj’tes, red blood cclLs, and the hemoglobin, factors which 
were found to be reliable indices of the natural resistance of rabbits to inocula- 
tion with a transmissible malignant tumor and with the spirochete of syphUss. 

The Fate or In’jected Maeked Homologotj.s Leukocytes i.n‘ the Guinea 
Pig. John Ungar and G. Randolph Wilson (by invitation), Pitt.sburgh, Pa. 

AhslracL The purpose of the experiment was to ob.scrvc the fate of marked 
homologous leukocytes injected into the circulation of the guinea pig. Leu- 
kocytes were obtained by the production of a chemical peritonitis with s per 
cent alcuronat. Carbon and a protein substance, carmine, were the .suspensoid 
dyes injected for the purpose of marking the cells for later identification. Guinea 
pig scrum injected together with the dye was shown to enhance phagocytosis 
both in vivo and in vitro. Several hours were allowed for phagocytosis. The 
abdomens were then opened and the cellular exudate removed and placed in a 
sterile flask which was kept in the dark at body temperature. It was then 
filtered. The filtrate was clear of free particulate matter and consisted of a 
pure suspension of ]eukoc\'tes, approximately one-half of which contained 
phagocytosed dye particles. The cells were concentrated by slow centrifugali- 
zation and proved viable by their ability to phagocylose a contrasting dye in 
vitro. They were then injected intracardially in some animals and into the portal 
vein of others. Histological studies were made after various time intervals. 
The carbon-containing leukocytes were found to be concentrated in the Jungs, 
free in the air spaces. Carmine-containing cells did not have a consistent dis- 
tribution. Some appeared in the lungs to the exclusion of other organs, while 
in others destruction occurred chiefly in the liver. 

Discussion 

(Dr, N. C. Foot, New York City.) I do not think that any of us are so en- 
thusiastic about the origin of the mononuclear cells in the intra-alveolar spaces 
from the blood as to maintain that aU of them come from that tissue, but a 
piece of w’ork like this is always very gratifying to those of us who have that 
belief. The mononuclears are so ubiquitous, they are such restless cells, and 
they move to and fro with such rapidity that it is very’ difficult to keep any track 
of them at all. This method of (shall we say bird-banding?) is a vei>' satisfactory 
way of keeping track of them. There is one possibility, that these cells con- 
centrate in the lung as they do on account of their large load of pigment. In 
other words, they act very much as pigment or particulate matter does, and I 
think it would be interesting to follow the experiment along and see if the cells 
remain viable in the lung for any length of time and whether or not they wander 
back from the alveolar cavity in the Lymphatics. 

The Cheiiotropic Atoiactiok of Human Leukocytes by [Micp.oop.ganisms 
AND Vapuous Substances. Morton McCutcheon, Harold M, Dixon (by 
invitation) and Edv/ard B. Krumbhaar, Philadelphia, Pa. 

Abstract. The chemotropic response of human polymorphonuclear leukocyto 
to different tjypes of microorganisms v/as evaluated through experiments ht 
vitro. Under the microscope the net distance was measured by which each cell 
approached a clump of bacteria, and this distance was divided by the total 
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length of the path of the cell. The resulting ratio is a measure of the chemotropic 
response, having as extreme values +1.00 if the cell moves directly toward the 
bacteria and — i.oo if the cell moves directly away from them. With staphy- 
lococci, streptococci, pneumococci, typhoid and tubercle bacilli. Micrococcus 
letragenus and certain yeasts, mean ratios ranged only from +0.73 to -fo.86, 
indicating approximately equal attraction under these conditions. With the 
yeast Torula hislolytica the ratio was +0.57. Control leukocytes, wandering in 
fields free from known chemotropic influence, gave a value of -f-0.07. With 
substances other than bacteria a wide range of values was obtained: gelatin 
0.00; dried blood -f-o.iS; dried leukocytes -1-0.25; starch paste -f-0.71. 

Discussion 

(Dr. Louis Dienes, Boston.) Though it is well known, I should like to men- 
tion that the tubercle bacilli attract polymorphonuclear leukocytes also in the 
tissues, as in the diagram shown to us. The infiltration with mononuclear cells 
and the tubercle formation is a later reaction due, according to our observa- 
tions, to the development of h3^ersensitiveness. 

Study of the Bone Marrow in Aplastic Anemia. C. P. Rhoads and (by 
invitation) D. K. Miller, New York City. 

Abstract. Twenty-two cases of so-called aplastic anemia have been studied both 
clinically and pathologically. These cases were divided into four subgroups 
according to the pathological changes observed in the bone marrow. Sternal 
marrow removed at biopsy was studied in aU except 3 cases. In the first, or 
“classical aplastic” group, the marrows showed a striking reduction of total 
numbers of cells as well as an interference with maturation. In the second, or 
“immature” group, the marrows were cellular and hjq)erplastic and showed 
almost complete failure of maturation, the predominating cell being primitive 
in type. The third, or moderately mature group, showed cellular marrows in 
which the degree of failure of cell maturation was less than in the second group. 
The fourth group was one in which the marrow had been replaced by the tissue 
of Hodgkin’s granuloma. 

Supravital studies by the method of Sabin were made on all the biopsy ma- 
terial. These differential counts corresponded quite well with the appearance 
of the marrow as seen in sections. The similarity of the cell types present in 
the failure of maturation occurring in acute agranulocytosis to those occurring 
in the marrows of cases of aplastic anemia is a striking and important fact. 

Myelosarcomatosis. Theodore R. Waugh, Montreal, Canada. 

Abstract. The term myelosarcomatosis has been employed by various authors 
to designate atypical systemic myeloid processes. A review of these cases 
shows that they vary all the way from leukemic myeloses with tumor-like nod- 
ules to multiple myelomas with rather aggressive manner of growth. If any 
uniformity of nomenclature is to be preserved this term should be used to signify 
a process on the myeloid side, which is analogous to the relatively common 
lymphosarcomatosis on the lymphoid side. That such processes apparently 
occur is exemplified by the following case. 

A male, aged 48, gave a clinical picture suggestive of Kahler’s disease. There 
w’as marked Bence-Jones proteinuria and rarefaction of the bones. The blood 
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findings v,-cre essentially normal. Death resulted from pulmonary thrombosis. 
Autopsy revealed multiple nodules in the bone marrow with intervening fatty 
myeloid tissue. These nodules had thinned and expanded the cortex of the 
bones. There were no tumor masses in the internal organs but the spleen was 
moderately enlarged. 

Histological examination of the nodules in the bone marrow shoivcd areas of 
pleomorphic myeloid hyperplasia with comparatively few mycloblastic forms, 
and from these by gradual increase in the number of immature elements a 
transition into a typically neoplastic appearing type of proliferation. In some 
areas the dedifferentiation had reached such a degree that the cells presented 
the appearance of reticular elements. The splenic pulp was diffusely involved 
by similar immature cells and foci were present between the liver columns. 
The lymph glands apparently escaped. 

It would appear, therefore, that there occurred primarily multiple focal areas 
of hypcrj)lasia in the bone marrow with transformation to a neoplastic type of 
proliferation, and secondly, a systemic spread of this immature proliferative 
process to the spleen and liver. This type of reaction is distinctly analogous to 
that met with in many cases of lymphosarcomatosis, and hence v.'ould appear 
to justify the name myelosarcomatosis. 

Akatoihcal Studies on Primary and Postprimary Tuberculosis in* White 
C iiiLDRE.N* AND Adults. Komcl L. Tcrplan, Buffalo, N. Y. 

Abstract. The anatomical incidence of tuberculosis among 312 w’hite children 
between i month and 6 j'cars of age was 4 per cent. Among 52 children and 
young adults ranging from 7 to 18 years of age it was about 20 per cent. In the 
first group I case showed one typical calcified Ghon focus in the lung paren- 
chyma, first detected by postmortem radiographic examination, without com- 
plex formation. Similarly, one completely calcified small focal lesion was found 
in the 2nd case without changes in regional lymph nodes. (Histological serial 
sections were cut through aU Ijmph nodes draining the sites of the calcified 
Ghon foci.) 

Among 26 v/hite adults, aged 20 to 40 years, ii showed no signs of tuber- 
culosis in lungs or intestines. (Postmortem roentgen films were taken and 
thorough macroscopic serial sections cut through both lungs and broncho- 
mediastinal and mesenteric lymph nodes.) 

Among 94 cases between 41 and 80 years of age only 4 were entirely free of 
tuberculous changes. In 7 cases (ages 38, 46, 55, 58, 58, 66 and 81 years) the 
anatomical findings pointed to a relatively late primary complex wnth still 
cheesy or cheesy fibrous changes. Although the primaty- foci were distinctly 
encapsulated calcification had not yet taken place. This feature was espedally 
striking in a senile male of 82 years w'here the cheesy fibrous complex change 
was limited to two regional lymph nodes. With the exception of 1 case among 
these seven individuals, in w'hich recent bronchogenic foci were present, spread 
from the primaiy focus or from the caseous lymph nodes to more centripetal 
lymph nodes or into the blood stream was not demonstrated. In ii cases of 
the aged group under discussion distinct signs of an old primary focus or primaiy 
complex in a decidedly healed ossified or calcified ossified stage were observed, 
but in addition there were noted relatively recent cheesy, cheesy fibrous, or 
cheesy chalky fibrous, foci and complex changes in their regionaHymph nodes 
which could not be demonstrably connected vdth the healed primary fod or 
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complexes. These last changes occurred in different areas of the lungs with 
separate lymphatic drainage; only in i case were they present in the same lobe 
as the healed lesion. 

Conclusions: According to the postmortem figures at the Buffalo General 
and Children’s Hospitals obtained from a systematic study over a period of 3 
years primary tuberculous infection does not necessarily occur only in child- 
hood. It is realized that the number of cases examined is too small to permit of 
definite statistical conclusion. Nevertheless, the anatomical results correspond 
approximately to the incidence of tuberculin-positive children and young adults 
between 10 and 18 years of age in the schools of Buffalo. The number of tuber- 
culin-positive reactors lies between 20 and 25 per cent. From this study it 
seems likely that the primary focus or primary complex may be acquired very 
often in the years following puberty, i.c., from the latter part of the second to the 
third and fourth decades. Evidence is at hand to warrant the behef that infec- 
tions acquired after childhood may restrict themselves to focal and complex 
changes, as know in children, without producing active tuberculosis as a dis- 
ease. In cases with anatomically healed Ghon foci or primary complexes, a 
second tuberculous infection may occur and produce again a so-called tubercu- 
lous complex with a focal lesion with involvement of regional lymph nodes. These 
second complexes point to true exogenous reinfection. Compared with the first 
healed complex they are by all available anatomical evidence relatively recent 
and decidedly younger. 


Discussion 

(Dr. Esmond R. Long, Philadelphia.) Dr. Terplan’s results furnish interest- 
ing anatomical correlations with our epidemiological work. Twenty-five years 
ago in a city the size of Buffalo it would have been extraordinary to find an 
incidence of infection at the age of 40 as low as that given, with considerable 
increase later in Bfe. He reported 60 per cent at that age, where formerly 95 
per cent might have been expected. That probably represents the present 
situation throughout our own country. As a result of the antituberculosis 
campaign we are postponing the age of onset of primary tuberculosis. Our 
tuberculin tests at the present time show some such incidence as Dr. Terplan 
has indicated, but prior to this time we have not had good anatomical evi- 
dence that primary infections occur this late in life and pursue just the same 
course as they do when they occur in childhood. I think these results effectually 
dispose of that old belief that adults who escape primary lesions when they are 
children, such as people from the mountains and remote country districts, who 
come to the city late in life, are likely to break down with a massive primary 
tuberculosis. The actual fact is that if they develop primary tuberculosis it 
tends to pursue the same benign course as though they had developed it at the 
age of 5 or 6 years. 

(Dr. Herbert S. Reichle, Cleveland.) The 8 cases of primary infection in the 
older age group are particularly interesting, but in addition to the entirely 
plausible view that these represent the first and only primary tuberculous in- 
fections in these individuals, there is just one other possibility which I think 
must be considered. I do not believe that the suggestion to be made is true in all 
cases; some, however, might be interpreted in this particular fashion. Huebsch- 
mann, who has been interested in tuberculosis for some years, pointed out 
that many primary infections have a central core of granulation tissue which 
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usually escapes our observation bcoiusc we lake but one section through the 
focus. Along the path of this granulation tissue true absorption may occur, 
not only of the calcium, but also of the bone, and thus a true primar>' focus may 
disappear entirely. I think he has proved his point in so far as it concerns the 
lung, but I do not know whether the same process is possible in the lymph 
nodes. It miglit be that in such cases the primary focus of childhood had already 
disappeared at a lime that the second primary infection developed, which latter 
phenomenon has been discussed by I 3 r. Terplan. 

(Dr. Terplan, closing.) I am, of course, familiar with Dr. Hucbschmann’s 
work on tuberculosis. However, I do not know whether he actually has proved 
the complete resorption of a primarj’ Ghon focus in a child or young adult. 
Hucbschmann believes that the first tuberculous lesion in the parenchjma of 
the lung is originally a pure exudative lesion of pneumonic nature, and he con- 
siders the possibility that even in this stage a resorption of the exudate may 
take place before the focus becomes caseous. In his opinion not even a small 
scar may remain. In my opinion this certainly would be, if at all possible, very 
exceptional from all that we know about primary tuberculous foci in man. I 
do not, however, question that small ossified lesions finally may be resorbed 
completely. 

I saw in very rare cases and only in senile adults minute fragments of bone 
tissue in the lungs practically without any reaction in the nature of scar tissue 
surrounding them. One point I should have stressed a little more. In examin- 
ing lungs from children and young adults for Ghon foci it was customary first to 
look for tuberculous changes in Ijunph nodes, and then to search for the focal 
lesions in those areas that were drained by the tuberculous lymph nodes. When 
the lymph nodes appeared normal it usually was taken for granted that there 
was no Ghon focus present, and these cases were considered negative. In 2 
cases in my series, however, there were typical calcified Ghon foci, one of which 
was detected only by X-ray, and, still, complete serial sections through the 
lymph nodes regional to the Ghon foci did not reveal any tuberculosis. 

It is therefore absolutely necessary to make routine roentgen photographs of 
lungs, especially in children and young adults, and, in addition, complete gross 
dissection of all lobes, before we feel sure that a case may be called negative. 

The Healing of Tuberculous Cavities. A Study by Serial Sections. 

Esmond R. Long and (by invitation) Gertrude Duetz, Philadelphia, Pa. 

Abstract. In an autopsy on a patient dying from chronic ulcerative and fibro- 
plastic pulmonary tuberculosis with extensive cavitation of the right lung a cav- 
ity was found in the left lower lobe which appeared to be healing. This cavity 
was 4 cm. in diameter and approximately spherical. Its outlet appeared to be 
extremely narrow and was pointed directly cranially. No fresh bronchogenic 
tuberculosis was found which could be related to dissemination of infectious 
material from this cavity, although the cavity was filled with a white semiliquid 
material containing numerous acid-fast bacilli. It appeared evident from the 
smallness of the outlet and the lack of surrounding infection that the cavity 
was not draining. 

Serial sections were made of the neck of the cavity and the adjacent pul- 
monary tissue. In these sections several regions of healed, in some cases calcify- 
ing, bronchiogenic tuberculosis were found. One of these was connected with 
the cavity by a heavy band of scar tissue, in which traces of a lumen remained, 
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filled with degenerated cellular exudate. The calcifying mass at the distal end 
appeared to represent the inspissated contents of a cavity that had lost its out- 
let by scar tissue obliteration. 

The outlet of the main cavity appeared to be undergoing a similar fate. It 
was lined by thick granulation tissue and filled with degenerating leukocytes. 
The diameter of the outlet at the cranial end was approximately i mm. The 
contents were so dense as to suggest that no movement leading to drainage 
could take place. 

The entire system of healing tuberculous lesions appeared to have been due 
originally to bronchiogenic dissemination from the opposite lung. The caudio- 
cranial direction of the main and subsidiary outlets apparently slowed up 
drainage, after cavitation occurred, giving time for fibrosis of the outlets and 
further limitation of drainage. The study emphasizes impeding of drainage as 
the factor of cliief importance in the healing of cavities. This factor is of clinical 
importance, not only in the common spontaneous healing of small cavities, but 
also in induced healing following artificial lung collapse. In the procedure the 
closure of soft- walled outlets of small cavities is probably of as much importance 
as pressure collapse of large cavities. 


Tuberculosis oe the Major Bronchi. H. S. Reichle and (by invitation) T. 

T. Frost, Cleveland, Ohio. 

Abstract. Tuberculosis of the major bronchi can be classified according to patho- 
genesis as (i) infection by implantation, (2) infection by contiguity, and (3) in- 
fection by continuity. The first is decidedly less common than the other two, 
a fact that may be ascribed to the protective influences of cilia, mucous and bron- 
chial peristalsis. Infection by contiguity is prone to occur because of the 
proximity of the extracartilaginous mucous glands to diseased lymphatics and 
lymph nodes. Proliferation of the adventitia and atrophy of the mucous glands 
tend to close this avenue. Infection by continuity occurs secondarily to an 
implantation tuberculosis in the lower lobes and in the bronchi draining a tu- 
berculous cavity. Major bronchi appear singularly resistant to tuberculosis; 
however, when fibrosis has transformed them into rigid tubes and mucosa and 
submucosa are destroyed and replaced by tuberculous granulation tissue, an 
open focus of disease is created which is rarely closed either by natural processes 
of healing or by pneumothorax or thoracoplasty. 

Discussion 

(Dr. Kornel Terplan, Bufialo.) We had occasion to see a case similar to Dr. 
Reichle’s interesting observations in a completely healed stage. This case was 
that of a woman about 35 years of age with a known history of chronic tuber- 
culosis many years previous to death. The clinical diagnosis was dextrocardia. 
She died suddenly from lobar pneumonia of the left lung. We found at post- 
mortem complete fibrous obliteration of the main bronchus affecting the entire 
lumen about i to 2 cm. distal to the carina. The surrounding tracheobronchial 
lymph nodes showed complete calcification. The obliteration of thei^lnain 
bronchus had, of course, produced complete collapse of the right lung with 
consequent shift of the mediastinum to the right and “dextrocardia.” 
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PosTorEUATiVK LYCOPODIUM Grandlomas. I. TI. Erb, Toronto, Canada. 

Abxiract. Six cases arc reported in v/hich there developed postoperativcly a 
granulomatous lesion, the result of the introduction into the field of operation 
of numbers of lycopodium spores. For some years these spores have been used 
in many operating rooms as an ingredient of dusting powder for rubber gloves. 

The lesion produced is of the nature of a foreign body granuloma and bears 
a striking resemblance to tuberculosis, with which it may be easily confused. 
As the spores arc acid-fast, they prc.sent a striking picture in sections stained 
by the Ziehl-Ncelsen method, which procedure is of value in differentiating the 
condition from tuberadosis. 

The lesion is of importance, not only bcaiusc it may result in intestinal ob- 
struction through the formation of adhesions, but also because of the fact that, 
if unrecognized, it may lead to errors of diagnosis and thus to unncccssarj' sur- 
gical or other therapeutic measures. 

It is the opinion of the author that the use of lycopodium spores as a dusting 
powder in operating rooms should be discontinued. 


Disaixsion 

(Dr. Ralph D. Lillie, Washington.) Shortly after the appearance of the article 
last fall we wanted some granulation tissue in large quantities so we thought 
w'c would try lycopodium in rats, but we made the mistake of sterilizing the 
lycopodium spores in a suspension of salt solution in the autoclave, and when 
we injected them into rats we did not get the tumors we had been led to expect. 
We made sections where they had been put in and could not find anything ex- 
cept a little yellow material. There was no particular granulation tissue reac- 
tion and the lycopodium spores which were there were no longer acid-fast. Just 
about that time I came down with influenza and went to bed, and when I got 
up I found too much encephalitis going on to follow it up. It seems to me, 
however, we must have hydrolyzed whatever it is that causes this foreign body 
reaction by autoclaving wet and under pressure. 

(Dr. David A. Wood, San Francisco.) About 2 years ago I had the oppor- 
tunity of seeing one of these lycopodium granulomas from a man 27 years of 
age who had had a laparotomy 3 months before. In routine stains the lyco- 
podium spores were refractile. The people in the West are looking for various 
mycotic infections, and it is a good point to keep in mind that one should look 
at lycopodium granulomas carefully, because occasionally some spores are 
oval and, in the routine stains, one might easily mistake them for the empty 
spores of Coccidiodcs bnmiiis. In my particular case the giant cells were very 
beautiful with many of the lycopodium spores inside. So the matter of mycotic 
infections is just another point to be kept in mind in the differential diagnosis. 

(Dr. Erb.) In reply to what Dr. Lillie said, we did not try sterilization of any 
of these spores in saline or other fluid. Of course in the operating room they are 
always sterilized dry, but under pressure. We did, however, inoculate some 
guinea pigs, and we thought vjc were going to get beautiful lesions but w'e v/ere 
disappointed. I thought we would get little nodules all over the peritoneum, 
but the spores were all picked up in the lymph nodes where they were surrounded 
by foreign body giant cells. We did not find the typical concentric arrangement. 

(Dr. Howard T. Karsner, Cleveland.) In an attempt to produce pulmonary 
hypertension w'e have injected lycopodium spores intravenously into dogs. The 
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animals have survived for more than a year. The presence of the spores in the 
arterioles and capillaries is accompanied by the development of small granu- 
lomatous masses but without multinucleated giant cells, perhaps because the 
spores are within the vessels. 

Granulomatous Myocarditis. A Case eor Diagnosis. James Miller, King- 
ston, Ontario. 

Abstract. A series of cases of myocarditis of a subacute type and of doubtful 
origin has been reported in the literature from time to time. It is uncertain if 
these can be regarded as being due to one and the same causal germ. i\'Iost have 
been thought to be tuberculous, but complete proof has usually been wanting. 
The following case seems to fall into the category of subacute myocarditis of 
bacterial origin due to some unknoira virus. 

A Chinese, after showing a series of metastatic inflammatory foci in differ- 
ent parts of the body during a period of some months, died of acute peritonitis, 
pericarditis and myocarditis. The heart showed a diffuse myocarditis with 
extensive areas of necrosis and hemorrhage in the wall of the left ventricle. 
Microscopically the condition was definitely inflammatory and the cells were 
predominantly mononuclear. No organisms could be found either microscopi- 
cally or on culture, and there were no spirochetes or tubercle bacilli. There was 
a single ulcer in the small bowel, transverse in direction, with raised margins. 
It seems probable that this may have been the origin of the peritonitis. The 
pericarditis was accounted for by the underlying inflammation of the heart 
muscle. There was no lesion of the coronary artery. 

This case falls into the category of subacute myocarditis on account of the 
predominance of mononuclear cells in the areas of infiltration. There was no 
histological support for the view that it was tuberculous, apart from the ex- 
tensive necrosis. There was scarring at the apex of the left lung and there was 
one ulcer of the small bowel, grossly suggestive of a tuberculous lesion, but the 
microscope revealed the same type of cellular change as in the heart muscle. 
One metastatic focus of infection was examined during the life of the patient 
but it also showed changes of a non-specific type. 

In view of the absence of proof of the nature of the causal germ the term 
“granulomatous myocarditis” is suggested as covering best the histological 
and gross characteristics of the case. 

Discussion 

(Dr. Howard T. Karsner, Cleveland.) Problems such as presented by this case 
are of profound interest. Having seen the specimen and heard the presentation 
several questions arise. It is not necessary to exclude S3q3hilis as a cause by 
virtue of the negative Wassermann test and the inability to demonstrate spiro- 
chetes. There are, however, no clearly positive stigmata of syphilis. The num- 
ber of instances of isolated acute myocarditis of Fiedler is small and nothing is 
known of those cases which may perhaps progress to healing. The extensive 
necrosis in Dr. Miller’s case is not duplicated in isolated acute myocarditis and 
in this latter condition hypertrophy appears to be constant. The condition in 
this heart might possibly be attributed to coronary disease, for although the 
larpr coronaries were normal, it is still possible that examination of the minute 
twigs of the coronaries might show significant disease in that situation. I have 
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observed multiple small areas of fibrosis in the myocardium, by no means 
identical with the granulomatous lesion of this ease, in hearts without gross 
coronary disease but with extensive sclerosis of small twigs. 

(Dr. Ralph D. Lillie, Washington.) Something about this case recalled to my 
mind the lesions we have been studying recently in experimental subacute 
tularemia in animals. 7 ’hcrc is in that disease, not infrequently, a granuloma- 
tous myocarditis with peritoneal involvement which may be granulomatous. I 
offer this merely as a possibility. We do not knov,- all about human tula- 
remia yet. 

(Dr. Miller.) I agree that a negative Wassermann docs not exclude syphilis. 
I am not familiar with the work of I'icdler and I hope Dr. Karsner will give me 
the reference. 

As to what Dr. Lillie said about tularemia, that did enter my head as a pos- 
sibility, but with a history such as this, lasting 8 months, it seemed highly 
unlikely. 

(Dr. Lillie.) It is not usual, but there have been a few cases which have gone 
on for I or 2, or even more, years. 

(Dr. Miller, closing.) That is a matter which one might take further into 
consideration. 

Radial Inclusions of Giant CEr.i,s. Edwin F. Ilirsch, Chicago, 111 . 

Abstract. Giant cells with rosette inclusions have been observed in lesions 
simulating tuberculous or foreign body granulation tissues. The nature of these 
inclusions has been an enigma and many divergent opinions have been recorded 
regarding their composition and the significance of the associated lesions. My 
observance of these granulation tissues has been in the lungs, spleen or honph 
nodes of 8 bodies postmortem, and in 26 tissues removed surgically. The most 
conspicuous lesions observed in the postmortem material were in the spleen, 
lungs and parabronchial lymph nodes of a man, aged 72 years, w'ho for many 
years had had urinarj' concretions, pyelitis and cystitis. He had taken one 
ounce doses of olive oil, presumably for some time. His spleen weighed 290 gm. 
and had many discrete fibrous nodules several mm. to 2 cm. in diameter. By 
chemical extraction the spleen contained quantities of fat melting at 65° C to 
75° C and, when cool, containing rosettes like the inclusions and the crj'stals of 
palmitin or stearin. 

All authors state that the radial inclusions in the giant cells are colored by 
nuclear and elastin stains, especially by the purple of Malloiy^’s phosphotungstic 
acid hematoxylin stain. Wolbach and others have described tinctorial differ- 
ences indicating that the inclusion material may be a mixture. The inclusions 
do not react with fat stains. Their configuration is crystalline and therefore 
they form in tissues according to the usual laws governing crystallization. A 
crystalloid in an aqueous system, according to Schade, separates in concentn- 
cally laminated spheres in the presence of small amounts of colloidally dispersed 
protein. Theoretically, at least, the deduction follows that the radial inclusions 
of the giant cells separated from a solvent not aqueous. 

Lipins stimulate foreign body tissue reactions, notably cholesterol. Intra- 
venous injections of palmitin and stearin in olein and of soaps of calcium or 
magnesium in olein failed to produce the characteristic lesions wth giant cells. 
Mixtures of stearin and palmitin and cholesterol in olein injected intrave- 
nously into rabbits produced lesions in the lungs comparable to those observed 
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in human tissues, except that the crystalline fat inclusions were not completely 
reproduced. That is, only the peripheral portions, the spines, of tlie crystalline 
fat had become insoluble. Such portions stained according to the descriptions 
given for the radial inclusion. 

These experiments, of course, indicate, simply, that a lipin mixture containing 
cholesterol may produce tubercle-like lesions containing giant cells and that 
crystals of palmitin and stearin or their derivatives may become insoluble 
rosette inclusions of the giant cells. 

Etiology ot Congenital Bilateral Polycystic Kloneys. James E. Davis, 
Detroit, Mich. 

Abslracl. Illustrations of the evidences of tissue deftciencies are apparent in 
the quantity and quality of the structures of the congenital bilateral pol}^C}^stic 
kidneys at all ages. The stroma in these kidneys, particularly that in proximity 
with the immature epithelial parts, is of mesothelial character. This observa- 
tion can be confirmed in kidneys from patients over 50 years of age. The quan- 
tity of epitlielial tissue present in both kidneys is markedly deficient. Part of 
this deficiency may be inherited and part acquired through the influence of 
cystic degenerative changes. The inherent growth impulse of the epithelial 
tissue is inadequate and unbalanced. There are numerous contrasts of unas- 
sembled, partly assembled and completely assembled epithelial cells. The as- 
sembled cells exhibit the characteristic diffusely appearing cystic degenerative 
change. The arrangement of the unit parts of this type of kidney does not 
enable a conclusive opinion whether there is here strictly a metanephric con- 
dition of defectiveness or not. 


Discussion 

(Dr. Komel Terplan, Buffalo.) I should like to ask Dr. Davis whether he 
has observed any hyperplastic changes in small arteries and arterioles in those 
polycystic kidneys in stillborn and very young infants in which practically no 
normal parenchyma had remained. I saw such changes in markedly hypoplastic 
kidneys in young infants. 

(Dr, Davis, closing.) I have not observed any hyperplastic changes in the 
arteries. 


Disappearance oe Glomeruli in Chronic Kidney Disease. Alan R. Moritz 
and (by invitation) J. M. Hayman, Jr., Cleveland. 

Abstract. The total number of patent glomeruli in a series of normal and ab- 
normal kidneys was determined by Kunkel’s modification of Vimtrup’s method. 
Before the kidneys were macerated for counting the number of injected glo' 
meruli blocks were taken for histolo^cal examination and the ratio of injected, 
uninjected and obliterated glomeruli was determined. From this ratio and the 
total number of injected glomeruli the total number of recognizable glomerular 
structures was calculated. This total included all scars that might possibly rep- 
resent glomeruli. It was found that in arteriolar nephrosclerosis, chronic diffuse 
glomerulonephritis and chronic pyelonephritis a large proportion of the glo- 
meruli may disappear completely. ° 

The mode of absorption of the glomerular scars was studied in uninterrupted 
senes of sections. It was found that the hyalinized spherical scar of the obliter- 
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ated glomerulus is penetrated by argcntopbilic fibrils which eventually become 
continuous with and conform to the pattern of the interstitial reticulum of the 
kidney. The hyalin undergoes periphcnil and central rarefaction and disap- 
pears. 

Experimental glomerular damage was produced by unilateral X-ray exposure 
of temporarily exteriorized kidneys of rabbits. Complete di.sappcarancc of a 
large proportion of glomeruli was observed following such treatment. 

It was concluded that since glomcndar scars disappear completely less in- 
formation as to the severity and type of renal injury may be obtained from the 
microscopic e.xamination of kidneys from eases of chronic Bright’s disease than 
is commonly supposed. 

The Morphology op the Senhle Prostate. Robert A. Moore, New York 
City. 

Ahslracl. 'J'lic morphology of the normal prostate varies with the age of the in- 
dividual. In senility, as contrasted with young adulthood, there is a decrease 
in the height of the epithelium, a decrease in the size of the glands and a loss of 
the papillary infoldings. In association with these epithelial changes there is a 
fibrosis of the stroma, both intra- and interlobular, and a corresponding decrease 
in smooth muscle fibers. By comparison with the c.xpcrimcntal cfTccts of gonad- 
cctom}' it would seem probable that these alterations arc related to a decrease 
in the male sex hormone output of the testes. If there be an associated arteriolar 
sclcro.sis the acini undergo a peculiar type of complete atrophy. 

Dtsaissif?)! 

(Dr. Alan R. Moritz, Cleveland.) I should like to knoiv if the arteriolar 
change is part of a systemic arteriolar sclerosis or if it is an isolated lesion, as 
seen in the senile uterus and ovary. 

(Dr. Moore.) This series of prostates was taken from Dr. Erdlicim’s service, 
where there were no microscopic examinations, but, in the few cases in which 
there was a record in the autopsy protocol of nephrosclerosis, this type of process 
occurred in the prostate. It is my own belief from the few cases where I have 
complete material at Western Reserve and Cornell that this change is a part 
of a generalized arteriolar disease and is not a functional process, such as occurs 
in the uterus and ovary. 

The Issues at Stake in the Grading oe Tumors. Stanley P. Reimann and 
(by invitation) Clark E. Brown, Philadelphia, Pa. 

Ahslracl. Tw'O hundred cases of carcinoma of the breast have been graded his- 
tohgically and their subsequent histories determined. The biological principles 
rvhich are either consciously or unconsciously evoked v/hen attempts at tumor 
grading are made are discussed, and the conclusion is drawn that cellular grov/th 
is too d%mamic a process and the variables arc too numerous for a static bit of 
evidence, like histological slides, to be of use in the prognosis of any individual 
case. 

Discussion 

(Dr. William Carpenter MacCarty, Rochester, Minn.) I should like to make 
three points in connection with this subject. First, I want to commend the 
speaker on his conservatism, %vith which 1 thoroughly agree. 
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In the second place, I think probably I am one of the most active individuals 
who have studied this problem. I am one of the few individuals who have writ- 
ten much about it. In my opinion grading has only biological significance. It 
is of interest to those of us who are interested in the behavior of cancer, and I 
may say that is my particular interest in the subject. 

The third point is the lack of specificity in the percentages. Suppose I said 
to our President here; “You have a Grade 4 cancer,” rvhich I hope he has not. 
I am the pathologist talking to the surgeon. He will say to me: “Dr. Mac- 
Carty, what is the prognosis? ” and I will say, “I will give you the percentages.” 
Suppose I tell him that in Grade 4 cancer in 80 per cent of the cases death takes 
place in say 2 years, and that in 20 per cent they live longer than that, 5 years, 
let us say. My friend will then say: “You tell me I have a Grade 4 cancer, 
and you also say that So per cent live 2 years, and 20 per cent live 5 years, or 
longer, but I am particularly interested in myself — how long am I going to 
live? That is what I want to know.” Then I will have to fold up my wings and 
drop my tail and say, “I am andully sorry; I am a scientist but I cannot tell 
you that.” If I were a surgeon, and I presume I have seen more surgery than 
any surgeon, there would be one main criterion by which I would decide to 
remove a tumor, benign or mahgnant. I would first decide whether the patient 
was in good condition — heart, kidneys, tissue fluids, age and so forth. I would 
then decide whether there was any glandular involvement which I could not 
reach, and after I had decided I could remove the tumor and glands I would 
do so, and I would not care what grade it was. I have seen patients with Grade 
4 tumors, the worst grade, live many years, even in spite of the fact that they 
have had glandular involvement, simply because the growth was easily acces- 
sible and the surgeon did a radical job. I want to emphasize that I think this 
grading has biological interest more than it has practical importance, so far as 
the individual is concerned. 

(Dr. Shields Warren, Boston.) I have been interested in grading, not so long 
a time as Dr. MacCarty has, but I have profited very largely by his example 
and advice, and have also profited extensively by Dr. Rehnann’s work in the 
field of the breast. 

I wish to emphasize one point that was made by Dr. Reimann and Dr. Brown 
— that the environment is a very important factor. In the study of the material 
that I presented yesterday it was noticeable in relation to age, known to be an 
important factor in determining clinical malignancy (that is, young people in 
general doing more poorly with a given tumor of a given extent than older 
people), that there was no difference in the grade of the tumors in a young per- 
son as against those in an older one. The percentage ran about the same. The 
other point which I think all pathologists who have to deal with surgeons have 
run up against is the temptation in the lower grades for the surgeon to attempt 
a less radical operative procedure. I feel that, if we do grade tumors, we must 
also constantly remind those who depend on our diagnosis that cancer is cancer, 
whether it is Grade i or Grade 4. 

(Dr. Brown, closing.) I should like to thank Dr. MacCarty and Dr. Warren 
for this constructive criticism, and I am sure we are in hearty accord with every- 
thing they have said. I might also bring to mind in closing, drawing from the 
rich elocutionary achievements of last night’s dinner performance, that con- 
tention as well as hope springs eternal in the human breast. Hope certainly is 
needed in dealing with the biological fundamentals of cancer. 
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Melanoblasts of the Anai- Canal. Their Relation to Primary ?.Iela- 
NOMA of the Rectum. George F. T.aidlaw and (by invitation) Charles L. 
Janssen and A. Purdy Stout, Kew York City. 

Abstract. The anal canal is lined vdth stratified epithelium of ectodermal origin. 
This epithelium contains abundant melanin and melanoblasts up to the muco- 
cutaneous line. Above this line there arc no melanoblasts and no melanin. Here 
the mucosa consists of tubular glands of cndodermal origin. It is probable that 
primaiyf melanoma of the rectum arises from the melanoblasts of the anal 
canal. 


Discussion 

(Dr. Shields Warren, Boston.) I should like to ask Dr. Laidiav.- vhat he 
regards to be the mode of production of the submucous pigmentation in the so- 
called melanosis coli. 

(Dr. B. Earl Clarke, Providence.) A year ago I reported before this Associa- 
tion a tumor which, as nearly as we could determine, was primary in the upper 
jejunum. At that time I found in the literature i other case of primary mela- 
noma of the jejunum reported by Dr. Lund of Boston. Has Dr. Laidlaw made 
any study of melanin-producing cells in the small intestine, and what is his 
opinion as to the mode of origin of these tumors? 

(Dr. Ernest IM. Hall, Los Angeles.) Two cases of supposed primaiy* mela- 
noma of the small intestine were discussed at a recent meeting of the Los Angeles 
Pathological Society. One of these tumors, reported from the Los Angeles Gen- 
eral Hospital, was the size of a walnut; the other, reported by Dr. Foord from 
the Pasadena tiospital, was the size of a man’s fist. There were two tumors 
present, in the latter case, of almost equal size and no melanomas could be 
found elsewhere. 

(Dr. Victor C. Jacobsen, Albany.) I have been studjdng melanin for many 
years and tr3dng to see if we can explain melanin, wherever it is found in the 
human, as originating chiefly in the neuro-ectodermal cells. Almost all of it can 
be so explained. There are a few' exceptions and Dr. Laidlaw' has mentioned 
them. One condition that has given difficulty is melanosis cob'. The colon in 
extreme cases of constipation or of chronic obstruction low dowm may become 
intensely pigmented with true melanin. The melanin is present in cells in the 
mucosa beneath an intact epithelial lining. These cells are “dopa ’’-negative. 
Hence they do not make melanin; they simply phagocyte it. The question is, 
where does it come from? In studying the excretion of melanin in the body the 
kidney has been proved to be an important source of excretion, and of course 
the skin by desquamation. A certain amount must escape into the intestine 
along with foodstuff's of animal and vegetable nature w'hich contain melanin. 
It is quite apparent that in the intestine are all the precursor substances neces- 
sary to form that molecule of unknown composition which is melanin. It is very 
probable that there is an actual synthesis of melanin in the intestine, particu- 
larly in constipated people, and that its presence in melanosis coli merely means 
that it is being phagocyted and not actually made by the cells w’hich contain it. 

(Dr. Ralph D. Lillie, Washington.) In regard to melanosis of the colon in 
minor degrees, it is quite frequent, according to Henschen and Bergstrand. We 
did some work wth it in the appendix in Washington. It appears to me that 
melanin is finally formed in the large round phagocytes immediately beneath the 
epithelium, because in quite a number of cases w'e have seen granular material 
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not staining like true melanin and occurring first as fine unpigmented granules, 
then as finely granular brown pigment in the large round cells just under the 
epithelium. 

(Dr. Laidlaw.) Beginning with the last question, Dr. Lillie says ''staining 
like true melanin.” What is the criterion for staining like true melanin? 

(Dr. Lillie.) The melanin which is stained in melanomas takes an olive green 
color with toluidin blue, and we find all gradings from a very faint blue color 
into a dirty olive green in the cells immediately under the epithelium in melano- 
sis of the appendix. 

(Dr. Laidlaw'.) In forming conclusions from staining reactions we should 
bear in mind that the thing we call melanin does not always stain uniformly. 
Dr. Lillie’s observation of the behavior of melam'n in the appendix is paralleled 
in silver staining of pigmented skin. If a section of such skin be dipped in silver 
the melanin in the epidermis will turn black in 5 seconds, but the melanin in 
the derma wiU show all grades of staining from black to no staining at all. After 
several hours or possibly several days in silver aU of the melanin granules in the 
derma will be black. Nevertheless, we call aU of these granules melanin, whether 
they stain slowly or rapidly. It is our experience that intestinal melanin is 
particularly difficult to stain, sometimes requiring hot silver and many hours 
to secure uniform staining. It seems to me that Dr. Lillie’s brown granules in 
the appendiceal mucosa are ordinary intestinal melanin giving the customary 
phenomenon of different degrees of color reaction. 

(Dr. LiUie.) We relied on the insolubility in mineral acids, the tinging with 
basic anilin dyes and the negative iron reaction, making three criteria, and used 
silver in relatively few cases. 

(Dr. Laidlaw.) In regard to melanosis coli, the first question is this — Was 
the melanin manufactured on the spot by the cell which contains it, or was it 
merely phagocyted? The best answer to this question is a positive or negative 
"dopa” reaction. An important precaution should be noted here. A "dopa” 
reaction must be carried out on fresh tissue. Autopsy material secured many 
hours after death is unsuitable and uniformly gives a negative reaction. We 
have been fortunate in securing fresh specimens of melanosis recti and one of 
melanosis coli from surgical operations. There was abundant melanin in the 
mucosa but the "dopa” reactions were uniformly negative. We conclude, 
therefore, that the melanin was not made by the cell which contains it but that 
it was phagocyted. If phagocyted, where did the melanin come from? The most 
likely source is the contents of the intestinal canal. Melanin occurs in so many 
foodstuffs, both animal and vegetable, that it may easily be present in the food 
refuse of the intestinal canal. The association of melanosis coli with chronic 
constipation and obstruction would seem to be explained by prolonged contact 
permitting better absorption of the melanin. I admit freely that these simple 
mechanical explanations leave something to be desired. The question of mela- 
nosis coli, like that of most melanoses in the human body, has not received its 
final explanation. 

Returning to the questions of Dr. Clarke and Dr. Hall, the supposed occur- 
rence of primary melanoma in the upper intestine where normally no melano- 
blasts have been found presents a problem for which I do not yet know the 
answer. Possibly the answer is that of Oberndorfer that such tumors are really 
secondary to a primary tumor which has been overlooked. As a working 
hypothesis, in our laboratory we believe that in all probability primary mela- 
noma appears only where melanoblasts already exist. 
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A Malignant Hemangioma with Metastases. E. AI. Hall, Los Angeles, Cal. 

Abstract. The metastasizing hemangiomas arc not only rare tumors hut are 
also interesting because of their relation to the general malignancy problem. All 
autopsied eases should, therefore, be recorded in the literature. 

In the ease to be reported the patient v;as a well developed, white female, 
married, and 40 years of age. She had felt weal; and exliausted for a period of 
3 months. She became markedly anemic (hemoglobin 30 per cent) and dyspneic, 
with rapid pulse and low blood pressure. The presence of a cervical polyp sug- 
gested uterine bleeding as the cause of her anemia. She developed a massive 
right-sided hemothorax and died. 

The autopsy, performed 2I hours after death, revealed a well developed white 
female with marlced pallor of the skin and mucous membranes. There were no 
angiomatous or pigmented moles anywhere-in the slun. 

The right pleural cavity contained about 3000 cc. of bloody fluid, while the 
left pleura contained nearly a liter of blood-stained fluid. The pericardium and 
heart were normal except for an abnormality of the right coronary artery 
which showed a small dimple in the aorta at the usual site of origin, opposite 
the right cusp, but no opening into the vessel. The coronary,' arteiy' was present, 
but only about one-half normal size. 

The right lung w'as almost completely collapsed and about the size of a man’s 
fist. A number of small, dark, blood-filled tumors were present in the pleura, 
in the lower portion of the upper lobe and throughout the lower lobes. Along 
the lower border of the lower lobe there was a firm reddish mass 5 by 2 by 1.5 
cm., with a roughened surface. This mass was composed of angiomatous tumor 
surrounded by hemorrhage, and was likewise the source of the bloody pleural 
effusion. The left lung was only partially collapsed. There were about twenty 
similar angiomas in the pleural surfaces, with two larger nodules present, the 
largest measuring 2 by 1.5 by 1.5 cm. A few angiomatous areas were found 
deep in the lung parenchyma, but most of them were subpleural. 

The spleen, adrenals and kidneys were normal. The liver contained a number 
of mottled, reddish gray tumor nodules i to 1.5 cm. in diameter. These had the 
appearance of vascular carcinomatous metastases. The largest of these was on 
the under surface of the right lobe, measured 2.5 cm. in diameter, and was some- 
what raised above the surface of the liver. 

A number of moderately swollen hemorrhagic Ijmph nodes bordered the pan- 
creas and a firm mass the size of a man’s fist was found immediately below' the 
pancreas in the midline. On cutting through this mass it was found to consist 
of fibrofatty tissue surrounding a group of 13 to 15 enlarged hemorrhagic lymph 
nodes. Similar nodes were found along the aorta as far as the bifurcation. 

The aorta appeared somewhat smaller than normal. The leptomeninges and 
the brain substance w'ere very pale. The vessels at the base of the brain were 
considerably smaller than normal. The bone marrow of the sternum was pale 
red. 

Histological examination of one of the tumor nodules (l5Tnph node) shows 
one part consisting of large, thin-walled spaces filled with red blood cells and 
lined by flattened endothelium. The other portion of the gland is cellular, con- 
sisting of small, irregular or collapsed spaces lined by large atypical cells varying 
from fusiform to large polygonal. In the latter the nuclei are oval or spheri<ml, 
many are hyperchromatic and occasional mitoses are seen. The cellular portion 
has a distinctly malignant appearance. 
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The sections of the lung show quite a similar picture, except that the cavern- 
ous spaces are partly confluent and in several places thrombosed, with more or 
less hemorrhage into the surrounding tissue. One of the sections from the liver 
shows a fairly large vein, the wall of which is invaded by the tumor with irregu- 
lar masses of tumor cells within the lumen. 

The primary tiunor was probably in the right lung, although one cannot say 
with any great degree of certainty. The tumors of the liver were decidedly like 
metastases in appearance. It is evident that the tumor was histologically 
malignant, as well as producing widespread metastases. Evidence of congenital 
vascular deficiency is shovm in the presence of an imperforate right coronary 
and in hypoplasia of this vessel, together with the cerebral vessels and the aorta. 

Discussion 

(Dr. Kornel E. Terplan, Buffalo.) I should like to ask Dr. HaU whether the 
lymph nodes draining the lungs were involved. If the bronchomediastinal chain 
was not involved it may be well to consider whether the primary site of the 
tumor was not in the retroperitoneal lymph nodes. I happened to see in Prague 
2 cases of malignant hemangioblastoma which apparently originated in the 
retroperitoneal lymph nodes, producing extensive metastases in the liver. One 
of these cases had also metastasized to the lungs. 

(Dr. HaU, closing.) I am very much interested to hear what Dr. Terplan has 
to say. The question in m}'^ mind was this — whether the tumor was primary in 
the retroperitoneal lymph nodes or in the right lung. The lymph nodes in the 
mediastinal chain were not involved in this case. Also, I might add that the 
pain in the right lumbar region and in the right hip could be accounted for by 
the tumor mass below the pancreas. 

Superior Pulmonary Sulcus Tumor (Pancoast). B. Earl Clarke, Provi- 
dence, R. I. 

AbstracL Pancoast in 1932 reported 7 cases which he believed to represent a 
new disease entity and for which he proposed the name of “superior pulmonary 
sulcus tumor.” He predicates such a diagnosis upon the following findings: 
(i) pain around the shoulder and down the arm; (2) loss of power and wasting 
of the muscles of the hand; (3) the presence of a Homer’s syndrome; and (4) a 
characteristic roentgenographic picture of “a comparatively smaU and cir- 
cumscribed shadow in the apex, due to lung displacement, together with de- 
struction of the posterior portions of one or more ribs and the adjacent articu- 
lar and transverse processes and possibly involvement of the bodies of one or 
more vertebrae.” 

None of Pancoast’s 7 cases came to autopsy. In 2 there was surgical inter- 
vention and tissue was obtained for histological examination. The ist of these, 
operated upon in 1921, was originally said to be an endothelioma. However, a 
slide from this case was seen by Dr. Joseph McFarland, and in his opinion the 
histology is that of a “carcinoma spinocellulare.” In a 2nd case, operated upon 
in 1922, the histological diagnosis was carcinoma. Apparently no sfide was 
available for study. So far as I can learn the postmortem findings in such a case 
have never been recorded in the literature. 

Our patient, a white male, 53 years of age, entered the Rhode Island Hospital 
Sept. 19, 1933. He presented clinical and X-ray findings in every way tjqiical 
of those described by Pancoast (lantern slides of roentgenographs shown). 
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At postmortem examination the apex of the left lung v/as found adherent to 
the underlying tumor mass. When pulled away it left a flattened area on the 
posterior aspect of the apex. Tumor tissue v/as found to extend into the lung 
substance only 0,5 cm. beneath this flattened surface. 

The tumor extended around the posterior aspect of the upper thoracic cavity 
destroying the posterior 3 inches of the left third rib and about i inch of the left 
second rib. It extended across the midline destroying the entire body of the 
second dorsal vertebra and parts of the bodies of the first and third vertebrae. 
The tumor pressed upon the spinal cord but the dura was not invaded. A small 
portion of the right second rib was destroyed. The apex of the right lung was 
not adherent. The nerve roots and the posterior root ganglia were lo.st in the 
tumor. 

The histolog>' of the tumor is typically that of an epidermoid carcinoma. In 
the more diflcrentiated portions the cells occur in rather large sheets and have 
the characteristics and arrangement of prickle cells. In a few places actual 
protoplasmic bridges arc demonstrable. There is no keratinization. Other 
parts are poorly differentiated, but the cells are thought always to be epithelial 
in type (photomicrographs shown). 

The origin of this tumor is not entirely dear. Three possible sources are to 
be considered. We include the pleura because the original histological diagnosis 
of Pancoast’s first case was “endothelioma.” Pancoast asks why such a growth 
in this one location should always invade bone and never elsewhere? IvIcFar- 
land rejects the histological diagnosis of endotheh'oma. Surely my case cannot 
be of pleural origin. I think we can rule out the pleura. 

The possibility of primary carcinoma of the lung cannot be so lightly passed 
over. We know that tumors of similar histology do originate in the lung. Mc- 
Farland (quoted by Pancoast) points out that tumors of this cell tj-pe arc not 
so apt to be found in an apical lung lesion so far away from the larger bronchi. 
Again we might ask why, in this one location, should a primary lung tumor 
always invade bone and never elsewhere? It seems to me highly improbable 
that a tumor of the lung with such meager lung involvement could be primary 
to such extensive extrapulmonary extension. In spite of all this I am loath to 
reject this possibility. 

A third possibility suggested by Pancoast is an origin from an embiy'onic 
rest, similar to that of branchiogcnic carcinoma. He postulates such an origin 
from the fifth pharyngeal pouch (ultimobranchial body), ^^^^ile such a possi- 
bility cannot be denied I see no way of establishing its correctness. 

I must confess, then, that I am unable to arrive at a definite dedsion as to 
the origin of this peculiar tumor. It is quite possible that no one of the above 
suggestions is correct. It may even be that this is not a pathological entity. 
Tumors of different histological types in this particular location might produce 
the same clinical and roentgenological findings. 

Discussion 

(Dr. Howard T. Karsner, Cleveland.) At this time I wish to place on record 
another case in which the X-ray findings were those of superior pulmonary 
sulcus tumor. The patient died after having symptoms and signs for 4 months. 
At the autopsy a tumor w^as found in the right superior pulmonary sulcus, in- 
volving the lower part of the neck and the upper part of the right lung. This 
eroded bones locally and was accompanied by metastases to the right adrenal, 
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right kidney and intestinal tract. The tumor has not been completely studied 
microscopically, but at tlie present time a tentative diagnosis of sympathico- 
blastoma is presented. The tumor was not in a situation to have arisen from 
the carotid body and presumably is of sympathetic system origin. 

(Dr. Paul G. Weston, Jamestown, N. Y.) Some months ago I found a tumor 
at autopsy in exactly the same site as that described by Dr. Clarke, but it ex- 
tended back to the foramen into the spinal canal and had its origin from the 
spinal dura. Grossly it was a fairly well circumscribed tumor, about the size 
of one’s fist, had displaced the esophagus, as Dr. ICarsner’s case had, but did 
not show any metastases anywhere. The histology was that of a typical endo- 
thelioma starting in the dura of the cord. I was unable to obtain the chnical 
history because it was a coroner’s case. 

(Dr. Clark E. Brown, Philadelphia.) Recently we have had a postmortem 
on a case very similar to the one described by Dr. Karsner in which there was 
what we thought to be the original tumor in the apex of the right lung, or in 
the subclavicular fossa on the right side; it was impossible to say which. It was 
very destructive in nature and consisted of a soupy, grayish material. What we 
took to be metastatic involvement of both adrenals was found, and also in- 
volvement of the mesenteric nodes and the submucous tissue of the stomach. 
Histologically the predominant cells were multinucleated, pear-shaped and uni- 
nuclear spindle-shaped cells, which we took to be those of spongioblastoma 
multiforme. We had some discussion with Dr. McFarland about this tumor 
and he was inclined to agree with that diagnosis at first, but on further thought 
he showed us some sections of epidermoid carcinoma which looked very much 
like the cells of this tumor. 

(Dr. William Carpenter MacCarty, Rochester, Minn.) Was the posterior 
nares examined in this case? I have seen several intrathoracic tumors where the 
primary tumor was in the posterior nasopharynx. 

(Dr. Victor C. Jacobsen, Albany.) I did not realize that this tumor was so 
rare. One case, which I have included in an increasingly large series of primary 
carcinomas of the lung, is similar to the case reported and very much like Dr. 
Karsner’s. X-ray showed invasion of the ribs and vertebrae by the tumor. I 
made the first diagnosis of epidermoid carcinoma from biopsy material removed 
from just alongside the vertebra. At autopsy the tumor was present in the right 
upper lobe, toward the midline. I took the lung out carefully and injected it 
with Kaiserling solution. Later, when it was well fixed, I dissected out the 
bronchi leading to the region of the tumor and found the right eparterial bron- 
chus disappearing in the tumor. Sections at that point showed a transition 
from bronchial epithelium to the squamous epithelium of this type of cancer. 

I have included it as a case of epidermoid carcinoma of the bronchus, in which 
category about 32 per cent of all lung carcinomas belong. 

(Dr. Kernel L. Terplan, Buffalo.) With regard to Dr. Karsner’s discussion, 

I should like to mention that malignant neuroblastic tumors of the peripheric 
nerve, especially of the sympathetic nerve, are very unusual in adults. A possi- 
ble neurogenic origin, however, may be suggested by rosette-like arrangements of 
the immature blastoma cells, if we fail to demonstrate by aU specific methods 
any more mature nervous element. Was there such an arrangement in your case. 
Dr. Karsner? Otherwise, I believe that Dr. Clarke’s tumor may have originated 
from the pleura or from the lung itself. Sometimes carcinomas of the lung may 
grow into the pleural cavity, similar to a mushroom, and spread along the pleural 
surface. On the other hand, primary tumors of the pleura may differentiate into 
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epithelial tumors, as well as more immature mesenchymal or mcsothelial 
tumors. 

(Dr. Paul R. Cannon, Chicago.) I wish to mention the occurrence of one of 
these types of tumors in an autopsy performed by Dr. Steiner of the University 
of Chicago. The patient had a tumor in the left pulmonary' sulcus v/ith a Hor- 
ner’s syndrome and roentgenological findings consistent with a diagnosis of 
pulmonary sulcus tumor. Postmortem examination, however, revealed a typi- 
cal adenocarcinoma, rich in mucin, located in the left pulmonary apex and ex- 
tending into the pleura. Metastascs were also present in the pelvic bones. Dis- 
section of the primary growth suggested that the tumor had originated in an 
area of fibroplastic tuberculosis in the apex and we concluded that the tumor 
was a bronchogenic carcinoma. 

(Dr. Clarke, closing.) This discussion seems to support my closing suggestion 
that the lesion is not a pathological entity. So far as the histological diagnosis in 
my case is concerned, sections were studied by Dr. Ewing, Dr. Mallory' and Dr. 
Wolbach. They' all arrived at the same diagnosis, epidermoid carcinoma, al- 
though tliey did not agree as to where it might originate. On my way here I 
stopped at Montreal and the sections were seen by' Dr. Vernon Cone, who was 
of the opinion it did not originate in any ncrv'ous structure. 

In answer to Dr. MacCarty'’s question, the nasopharynx v,-as examined. 

I was unable in this case to trace any' connection with the bronchus. The 
lung involvement was so superficial that only a very' small bronchiole could 
possibly have been involved. 

Pineal Teratoma with Unusual Adamantinous Features. Samuel Judd 
Bochner and John E. ScarlT (by invitation), New York City'. 

Abstract. Pineal teratomas are rare, only 14 completed eases having been re- 
ported, of which only 2 are in the American literature. Another case is here 
added, presenting unique dentigenous features hitherto not reported in the 
literature. 

J. S., a boy of 9 years, v,’as admitted to the Pediatric Service of the New York 
Post-Graduate Hospital with the history' that for the past 2 years he had suffered 
occasional attacks of sharply localized frontal headaches, associated with ex- 
treme drowsiness and followed by' apparent complete recovery'. On the morning 
prior to admission a more severe attack occurred, accompanied by convulsive 
tremors and unconsciousness. On the ward he suffered another such seizure, 
associated with irregularity of the pulse, Chey'ne-Stokes’ respiration and a semi- 
comatose state terminating in death. 

The unusual X-rays first attracted attention to this case. These seemed to 
show well advanced tooth structures in the region of the third ventricle. 

Autopsy revealed a semicystic tumor filling and distending the third ventricle 
and markedly compressing the adjoining structures. It measured 5 by 5 by 
3.5 cm. Section revealed a number of essentially adult teeth. Microscopic 
studies of these areas presented all stages of dental evolution from the simple 
nests of ameloblasts and characteristic adamantinous structures of the primitive 
enamel organ to the fully formed tricuspid structures, including enamel, dentine 
and pulp. The adamantinomas, described by Frazier and Alpers and others, 
differ fundamentally from this tumor in that no adult forms are reported in their 
cases beyond irregular and somewhat questionable enamel masses. The tumors 
in their series reputedly arise from the craniopharyngeal pouch, contain only 
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buccal elements and may be classified as epidermoids- This case, on the other 
hand, presents a multiplicity of structures derived from all three germ layers, 
both embryonal and adult in form. There are connective tissue elements vary- 
ing from dense collagenous structure to the open framework of areolar tissue. 
Masses of hyaline cartilage are frequent, in some instances presenting early 
ossification, in others completely formed lamellar bone with Haversian systems. 
In other areas primitive membranous bone is noted. The many cysts and inter- 
coimecting spaces are lined by taU, columnar, ciliated epithelium, rich in goblet 
rpfig and forming numerous out-pouchings. These vary from simple to com- 
pound racemose seromucinous gland structures, constituting a picture remark- 
ably like that of the nasal mucosa. In one area thyroid-hke tissue is present. 
Widespread throughout the mass and forming a large portion thereof are well 
defined nerve tissue elements, both glial and ganglionic. Pineal tissue also is 
scattered through many areas, presenting the picture of embryonal undifier- 
entiated structures, as well as the characteristic groupings seen in infancy. The 
fibrosed substance of the so-called involuted pineal body is not found. 

This observation of pineal and nerve tissues in close association is of interest 
in view of the wide difference of opinion existing among different workers as 
to the presence or absence of nerve and glial elements in the pineal body. 

Careful questioning of the family failed to reveal any psychical, sexual or 
developmental abnormalities. Past studies would indicate that adenomas of 
the pineal tend to retard sexual development and maturity (Marburg), and that 
teratomas induce sexual precocity and maturity (Askanazy). It is possible that 
in this case a balanced result of two antagonistic influences is manifest. 


Discmsio 7 t 

(Dr. Harry C. Schmeisser, Memphis.) It may be of interest, in relation to 
this case, to bring to the attention of the members of the Association that I am 
exhibiting downstairs, among my photographs of chnical and anatomical lesions, 
a photograph of a brain showing a dermoid cyst in the fourth ventricle which 
was the cause of an internal hydrocephalus. 

Ltpom Histiocytosis with Tumor-like Involvement op Subcutaneous 
Fatty Tissue, and with Diabetes Insipidus. K. L. Terplan and (by 
invitation) Roger S. Hubbard, Buffalo, N. Y. 

Abstract. An exceptional case of lipoid histiocytosis was observed in a white 
woman, 34 years of age. This case differed from those reported as Christian- 
Schiiller’s syndrome in the presence of tumor-like infiltration of large areas of 
the subcutis, and in the absence of bone tissue changes and of exophthalmos. 
Marked polydypsia and pol3Tiria had been present. The appearance of the chest 
clinically suggested a diagnosis of mah'gnant invading blastoma or Hodgkin's 
disease. Deposits in the dura, with sinus thrombosis, small granulomatous 
structures in the serosa and somewhat similar structures in the lungs, pointed 
to a relation to Christian-Schi^ler’s syndrome. Involvement of the bone was 
restricted chiefly to the bone marrow and was especially marked in long bones, 
less marked in ribs and vertebrae, producing marked anemia with signs of 
erythropoiesis, as in carcinomatous invasion of the marrow. Other important 
findings included thrombosis of the splenic vein with extensive older infarction, 
thrombosis of large iliac and pelvic veins extending into the inferior vena cava. 
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marked atrophy of thyroid (6.3 gm.) and moderate storage of lipoid in the medi- 
astinum, retroperitoneal fat tissue and pcripancrcatic tissue. The mesenteric 
fat was not altered. 

Histological analysis pointed to gradual replacement of the subcutaneous fat 
cells by huge foamy cells, stored with double-refracting lipoids, and subsequent 
reactive inflammatoty changes with fibrosis. From stains with sudan III, 
Nile blue sulphate, and Weigert hematoxylin (L. Smith), most of these lipoids 
were cholesterol esters, particularly, according to Bciliminghaus, cholesterol 
olcatcs. Histological study pointed in some areas to the appearance of huge 
cholesterol masses in the otherwise structurally normal fat cells. This deposi- 
tion was especially plain in the fatty islets which were still preserved on the 
borders of large masses of foamy cells and granulation tissue. The endothelial 
cells in the liver, spleen and lymph nodes did not show storage of lipoid. The 
spleen showed changes in connection with venous thrombosis and its consequent 
hemorrhages. The pituitaiy'^ showed practically complete fibrosis of the posterior 
lobe with some inflammatory cells, especially plasma cells. When the diagnosis 
of unusual storage of double-refracting lipoid in the subcutaneous tissue was 
made from biopsy it was already suggested that the case differed from those 
ordinarily attributed to a disturbance in cholesterol metabolism. Even though 
the lipoid infiltration of the subcutaneous tissue had markedly increased dur- 
ing the patient’s stay in the hospital, at no time ivas the blood cholesterol 
increased. Atheromatosis was very slight. Lipoid content of adrenals was 
normal. 

The aforementioned clinicopathological findings obviously assume a unique 
character when this case is compared with the usually described example of 
Christian-Schiiller’s syndrome. It must be mentioned that huge tumor-like 
nodules composed of cholesterol fatty acid esters were described by Proescher 
and Meredith in the skin and abdominal cavity of a 32 year old woman under 
the heading “multiple myxocholestolipomata.” However, this last case did not 
show cholesterol deposition in other organs, or diabetes insipidus. 

In the dried tumor tissue 57-5 per cent was acetone-soluble lipoid. In this 
lipoid 57.4 per cent was cholesterol ester, apparently almost whoUy cholesterol 
oleate, which was purified by crystallization from methyl alcohol and identified 
by analysis and a melting point determination. Other lipoid constituents found 
in the material analyzed included free fatty acid (15.7 per cent), neutral fat 
(13.8 per cent), free cholesterol (3.9 per cent), and phospholipoid (2.6 per cent). 

PsEtrnocANCER OF THE SxoiiACH. Anatole Kolodny, Sioux City, Iowa. 

Abstract. An inflammatory mass was found in the stomachs of two patients. 
In both cases the clinical symptoms and the X-ray findings suggested a carci- 
noma of the stomach. At operation a wide resection of the stomach was done 
in each case. Grossly the lesion suggested a malignant growth, but the histology 
proved the lesion to be inflammatory. The patient w’ho survived the operation 
is now well, nearly 3 years after the operation. 

Discussion 

(Dr. James Ewing, New York.) I am very much interested in this communrea- 
tion of Dr. Kolodny. I do not think, however, that he has given us sufficient 
histological evidence to determine whether he may still be dealing with one of 
those types of cancer of the stomach which have a tendency to show very 
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marked regression and atrophy of the cancer cells or not. I should like to have 
an opportunity to study his sections in detail. 

(Dr. Kolodny.) I shall be very glad indeed to give the entire pathological 
material to anybody desiring to study it. I shall be very glad to have Dr. 
Ewing’s opinion. I ^d not want to enlarge on the gross description of the speci- 
men removed because of lack of time. However, the removed lymph nodes, 
which at first suggested malignant involvement, proved on final section to be 
purely inflammatory in nature; the normal portion of the stomach was greatly 
swollen, so that on the operating table it was difficult to determine where the 
tumor stopped. The matting together of the lesion with the pancreas, the 
duodenum and omentum was so widespread, much more so than one sees in 
carcinoma, that these findings, together with the histological appearance of the 
tumor, led us to beheve that we were dealing with a benign lesion. 

Spleen with Arteries Enclosed by Veins. Harry C. Schmeisser, Memphis, 
Tenn. 

Abstract. The patient, C. L., 50 years old, a male negro, was admitted to the 
Memphis General Hospital, May 20, 1933, and died the following day. 

The clinical and the autopsy findings had no bearing on the subject in ques- 
tion, except that an extensive examination of other arteries and veins grossly 
and microscopically showed no anomaly. There was also a moderate degree of 
generalized arteriosclerosis and a bilateral bronchopneumonia. To the latter 
his death was attributed. 

The spleen was of average weight and size and of the usual external appear- 
ance. The splenic artery and vein outside of the spleen were normal. As the 
branches of each entered the hilum and ran in the trabeculae the artery became 
enclosed by its companion vein. This was clearly observed by serial section and 
dissection along the course of a particular pair of vessels, exposing them in long 
and cross-section. As the vessels approached the periphery of the spleen they 
separated on leaving the trabeculae. 

Sections for microscopic study were taken of paired vessels and showed an 
artery and a large vein within a trabecula. The various layers of the wall of 
the artery were recognized and over a portion of its adventitial surface it was 
attached to an outer circular tissue which was either an arch of the vein and 
trabecula, or trabecula only. Here and there were endothelial-lined blood cells 
containing spaces, which suggested the remains of the vein lumen. Surroimding 
the remaining larger part of the adventitial circumference of the artery was the 
endothelial-hned lumen of the vein, which was continuous by probing and sight 
with the lumen of the splenic vein. In a similar manner it was proved that the 
microscopic arterial lumen was continuous with that of the splenic artery. 

We were either dealing with a pseudo- or true enclosure of artery by vein. By 
pseudo-enclosure is meant that the artery running parallel to the vein in the 
trabecula had pressed into the vein to such a degree as to be almost entirely 
surrounded by the same and give the appearance in the gross that the artery 
was actually lying within the lumen of the vein. By true enclosure is meant 
that the artery had penetrated into the lumen of the vein. In this case it will 
be necessary to assume that the endothelium which lined the lumen of the vein 
had proliferated over most of the circumference of the adventitia of the artery, 
and had disappeared m places where the same was attached to the intima of the 
vein. A more detailed study will be made. 
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'PiJE Types of Aktewosceerosis. Oskar Klotz, Toronto, Canada. 

Abstract. The modern conception of the subject of human arteriosclerosis v.’as 
reviewed with the aid of lantern slides. The author in the presentation of his 
subject made a plea for more careful observations at the autopsy tabic of arterial 
lesions, their nature and distribution. 'J'hcrc is ample opportunity' for all patliol- 
ogists in participating in studies upon arteries, and there is still a variety of 
lesions in intima, media and adventitia which remain to be described and co- 
rclated with systemic disturbances. It is necessary, however, that all speak in 
the same "scientific tongue” and apply a given terminology with a definite 
and specific meaning. It was pointed out that Lobstcin (1S33), who coined the 
term arteriosclerosis, gave it a clear definition, from which wc arc not privileged 
to divert according to our own notions. So, too, the term atheroma has a 
definite meaning as indicated by Haller (1756). Atheroma is not synonymous 
with arteriosclerosis, nor docs atheroma refer to any lesion containing fats and 
lipoids. The lesion lies in the intima, and consists of a canty containing free 
fats, lipoids and cholesterol compounds in quantity sufllcicnt to recognize a 
grumous mass. Fat in cells is not atheroma. Of late years the term athero- 
sclerosis (Marchand 1904) has been badly misused. It is only necessary' to 
observe the use of this word in a recent book on arteriosclerosis, and note how 
each of many authors adds confusion to our literature by his careless appUca- 
tion of the term to realize that the word has lost its meaning. Two or three 
decades ago Virchow’s term "chronic endarteritis” (1856) suffered similar mis- 
handling. It is evident that much misunderstanding by different investigators 
has arisen through improper use of definite terms. Investigators must be equally 
careful in their observations and in tlieir manner of recording those observa- 
tions. 

The demonstration of the types of arteriosclerosis gave in review the impor- 
tant lesions found in all three coats of the arteries. The importance of the scle- 
roses in the arteries of the heart, kidney and brain was stressed, but it was also 
shown that the vascular lesions in these three organs are not identical, nor do 
they arise under similar conditions. The renal arteriosclerosis particularly has 
characteristics of its own, showing an inflammatory' background and not devel- 
oping the quality of an atherosclerosis. The progressive atrophy of the media 
with fibrosis, as seen in the cerebral vessels opposite to the nodular internal 
scleroses, is distinctive for this group of vessels. Mucli careful analytical work 
must now be carried out to distinguish properly the qualitative differences in 
the several types of intiraal sclerosis. 

The discussion of arteriosclerosis must include lesions of the media. Patholo- 
gists are only awakening to the importance of the pathological processes which 
are found in this layer. Inflammatory processes, as found in rheumatic fever, 
sepsis, typhoid and other infections lead to scars w'hich are later recognized as 
scleroses, in association with intimal thickenings overlying them. In other 
cases the middle coat of the artery suffers degenerations of a mucoid, fatty or 
calcareous kind. The mode of origin of these separate processes is not known 
and offers opportunity for extended research. 

Much investigation should be encouraged for a better knowledge of the lym- 
phatic drainage of the arterial wall and the innervation of the arteries. A clearer 
understanding of the normal structure and function of the component tissues 
of the arteries would assist materially in interpreting the pathological events 
which take place in these vessels. 
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The author also reviewed the varieties of scleroses that had been induced in 
experimental animals. These lesions have been of great interest in indicating 
the manner in which they arise in animals, but care must be taken in applying 
these findings to the human. The hypercholesterolemia induced in rabbits 
leading to lipoid deposits in the arteries is a mechanism quite different from that 
related to similar lesions in man. A wide scope of studies awaits further inves- 
tigation and calls for the combined interest of the biochemist and pathologist. 

Comparative Chemicai- and Histological Examinations of Aortas for 

Calcidm Content. Samuel R. Haythorn and (by invitation) Fred A. 

Taylor, Helen Whitehill Crago and Anna Zoe Burrier, Pittsburgh, Pa. 

Abstract. Parallel chemical and histological examinations were made on fifty- 
two aortas from patients of various ages, and the findings compared. The routine 
consisted in taking three samples from each aorta and in submitting them both 
to chemical analysis and to microscopic study by parafl&n and frozen section 
methods. The samples were taken respectively from the ascending, thoracic 
and abdominal portions of each aorta. The chemical samples were taken from 
areas bordering on each side of the pieces for microscopic examination. When 
possible, exactly 10 gm. of aorta per sample were used. The aortas were stripped 
of adherent tissues, were submitted to the Corey-Denis method for calcium con- 
tent, and reported in milligrams of metallic calcium per 100 gm. of wet aorta. 

The results were grouped according to the ages of the patients in decade peri- 
ods. In the groups under 40 years of age the chemical and histological findings 
were consistent, save for two aortas; one of these was from an infant with severe 
rickets and the other from a 38 year old patient with luetic aortitis. Thirty- 
two aortas came from patients over 40 years old. With each succeeding decade 
the comparative findings were more inconsistent and less easily interpreted. 
The average calcium content of ii aortas in the 41 to 50 age group was 234.5 
mg., of 10 aortas in the 51 to 60 group was 590 mg., and of 10 aortas in the 61 
to 70 group was 553 mg. Two atheromatous aortas, both from 60 year old 
patients, explained the fact that the 51 to 60 group was higher than the 61 to 
70 group. 

An outstanding feature of the work was the great variation in the amounts 
of calcium found at different levels of the same aorta where there was a different 
degree of atheroma present in the given levels. Throughout all three of the 
older age groups the heaviest deposits were found in the segment above the 
bifurcation. The highest amount found was in an abdominal segment present- 
ing numerous large calcium plates with ulcers about them and was 2312 mg. 
In a general way the calcium plates yielded the greatest amount of calcium, the 
combined cystic nodules with microscopically demonstrable medial calcium 
next, and those with medial calcification third, although there were none of 
tliese in our series that were not complicated by nodules. The amounts found 
in intimal cysts were so inconsistent that no conclusions were drawn. 

None of the histological methods gave more than a general idea of what the 
chemical report was likely to be. Silver nitrate, while not considered specific, 
was perhaps the best indicator of total calcium, particularly where the test was 
made in bright sunlight. A modification of Cameron’s alizarin stain yielded 
beautiful preparations, but failed to stain all of the calcium present. 
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Tiie Relation of Cholestekol to Atuehosclkp.oI'Hs. Timothy Leary, 
Boston, Mass. 

A hsiracl. 

(/ 4 ) Jhannn Coronary Sclerosis: Study of the lesions of coronary sclerosis and 
thrombosis demonstrates: (i } that atherosclerosis is a disease and not the inevi- 
table consequence of age, since it occurs in early life and is frequently highly 
selective in its localization. (2) That the process is metabolic and not inflam- 
matoiyc Such lymphoid cell infiltration ns may be found in coronary' lesions is 
on the whole infrequent, is accidental and not necessary', and is a late phenome- 
non when found. (3) That in the young human being progressive fibrosis is the 
usual picture in narrowing of the coronary lumen. Lipoid cells filled with choles- 
terol esters are deposited in the intima beneath the endothelium, but arc re- 
placed by young fibrous tissue before any considerable accumulation of these 
cells can occur. Tlie deposit of the lipoid cells is progressive or cyclic, and a 
growth of young connective tissue replaces them pari passu, until the lumen is 
markedly narrowed. (4) That in the aged, large collections of lipoid cells arise 
with a minimal amount of fibrous tissue support. The delicate fibrous tissue 
(reticular) partitions between these cells arc dependent upon a lymph or plasma 
diffusion, by imbibition through the endothelial layer from the blood in tlie 
arterial lumen. As tlie cell masses accumulate the nutrition of the cells tends to 
suffer and massive necrosis occurs, followed by liquefaction, producing so-called 
atheromatous “abscesses.” (5) That the standard cause of death in young in- 
dividuals is coronary thrombosis. This is due to necrosis arising in the sub- 
endothelial lay'cr of the nev/ fibrous tissue of the intima and extension of the 
necrosis to the endothelium. Apart from thrombosis, deatli in this group may 
be due to narrowing of the lumen and coronary insufficiency, under conditions 
of stress. The circulation through the narrowed vessels, while adequate under 
ordinary' conditions, becomes inadequate under increased demands for blood. 
(6) That the standard cause of death in older indiNuduals is the rupture of an 
atheromatous “abscess” into the coronary' lumen, with secondary' thrombosis. 
Rupture from the lumen into the atheromatous pockets also occurs. Death in 
this group may also be caused by coronary insufficiency' (due to the narrowed 
lumen), under stress, without rupture of an atheromatous “abscess” or throm- 
bosis. (7) Lesions of the elastica, media and adventitia are secondary, apart 
from possible stress effects. The primary process is lipoid, metabolic and intimal. 

(B) Human Coronary and Experimental Rabbit Atherosclerosis: Comparative 
study of the lesions of human coronary and rabbit experimental atherosclerosis 
demonstrates; (i) that the lesions of human coronary sclerosis may be repro- 
duced in rabbits by' feeding cholesterol. Intimal sclerosis (atherosclerosis) oc- 
curs spontaneously in much less than i per cent of young rabbits. It was pro- 
duced in 92.6 per cent (25 out of 27) of young rabbits in our series fed rritb 
cholesterol. (2) That in y'oung rabbits, as is true in young human beings, intimal 
fibrosis in arteries is the standard lesion, atheromatous “abscess” formation 
the highly exceptional process. The fibrosis, i.e., the reparative response, which 
arises in atherosclerosis in the arteries of the young is, therefore, a reaction of 
youth and not of species. 

Any metabolic agent capable of causing atherosclerosis must have been a 
part of the diet of human beings from the earliest times, since atherosclerosis 
has been found in the bodies of mummies. We think of cholesterol in terms of 
blood cholesterol or bile cholesterol. This, however, is only the mobilized 



SCrENTI3?IC PROCaLEDlNGS 


703 


cholesterol. Cholesterol is a substance required by every animal cell. Starh'ng 
conceives of it as the stable substance of the animal cell — the framework — in 
the interstices of which the more labile substances undergo their metabolism. 
The greatest need for cholesterol arises in times of most rapid cell production. 
Egg yolk is intended for the embryo. Milk is intended for the infant. The in- 
creased blood cholesterol in pregnant women is mobilized to supply the fetus 
with this substance essential for its cells, hlan is the onl}’’ animal that ingests 
eggs and milk throughout its lifetime. Man is also the only animal, as far as is 
known, that dies in early life of coronary thrombosis and exhibits atherosclerosis 
almost universally with age. 

The analogy of this metabolic disease to diabetes is close, even though cho- 
lesterol, in contrast to sugar, is a substance of difficult metabolism, and tends to 
accumulate within the body, i.c., to be stored. As in diabetes, inheritance of a 
poor cholesterol metabolism results in manifestations of the disease in early 
life. As in diabetes, the advent of age, with the development of inefficiency of 
the cholesterol metabolism, is associated with more frequent late evidences of 
the disease. 

Recent human experience in diabetes supports the experimental rabbit find- 
ings following cholesterol feeding. During and following the period when exces- 
sively fat diets were used in the treatment of diabetes, there was so great an 
increase of atherosclerosis that Shields Warren wondered whether the increase 
was due to diabetes or to the treatment of the disease. X-ray examination of 
the legs of children disclosed evidence of calcified atherosclerotic leg arteries, 
and xanthomas were common. Recent reports from the Joslin clinic, under a 
lower fat diet in the treatment of diabetics, indicate that xanthomas no longer 
appear, and X-ray evidence of calcified leg arteries in children is lacking. 

Histopathology of the Conducting Mechanism m a Heart wtth Vari- 
ous Degrees of Block due to Arteriosclerosis. Mortimer Cohen (by 
invitation), Pittsburgh, Pa. 

Abslract. Degeneration of the conducting mechanism is associated with sclero- 
sis of the arterioles supplying the system. The sclerosis involves the intima pri- 
marily with definite encroachment upon the lumen. This interference with the 
blood supply results in shrinkage of the component parts of the system. The 
extent of the shrinkage, however, is not the same over the entire mechanism. 
In the sino-auricular node the involvement is moderate; it is greater in the auric- 
uloventricular node and in the main bundle. The left branch is reduced to a 
few fibers. The shrinkage is due to actual disappearance of some individual 
fibers and distinct narrowing of the surviving fibers. 

The connective tissue is increased in the mechanism itself, but the greatest 
increase is seen in the fibrous portion of the interventricular system. 

The electrocardiogram demonstrates various degrees of block varying from 
latent to complete. This variation may depend on the ability or failure of the 
surviving damaged fibers to transmit impulses. 

Sclerosis of the arterioles is present elsewhere in the heart with degeneration 
and replacement fibrosis. This damage is pronounced in the interventricular 
septum. Here the thebesian veins are distended, apparently attempting to 
supply the injured area with blood. 
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Discussion of Papers by Drs. Klolz, Uaylhorn and co-aul/iors, iMiry, and 

Cohen 

(Dr. Harr>' C. Schineisscr, Memphis.) In relation to Dr, Cohen's paper, 
permit me to call attention to a very interesting Ciise of hciirt block caused by 
gumma of the septum, published by Bridgman and my.=elf in the Johns Hop- 
kins Hospital Reports, 1016, in which the complete clinical and pathological 
findings could be compared. Tiic lesion, in this ease, was readily seen with the 
naked eye, measuring 4.5 by 3 by 1.5 cm., and histologically v,\'is found to in- 
volve the bundle of His. licart block due to arteriosclerosis, as presented by 
Dr. Cohen, required a more detailed histopathological study. 

(Dr. Howard T. Karsner, Cleveland.) Many points of interest have been 
drawn to our attention by the excellent studies presented tliis afternoon. In 
order to initiate further discussion, there arc a few items to which I wish to 
refer. As Secretary I take this opportunity to express publicly to Dr. Klotz 
the warm thanks of the Council for the clarity and inclusivencss of his paper, 
the summar>' of many years of intensive study of arteriosclerosis. Of great 
interest is Dr. Lear>'’s material, carefully studied and beautifully presented. In 
regard to his work I wish to express the view that the influence of syphiUs on 
coronary arteries cannot be dismissed, especially when as the result of Aloritz’s 
studies of 8 cases of syphilitic aortitis a lesion of coronaiy arteries, which oc- 
curred within the first 2 or 2.5 cm. from the origin, was identified as s>7)hilitic 
in all the cases examined {Arch. Path., 1931, 11, 44). It is undoubtedly true, as 
Dr. Leary points out, that there must be significance to the lipoid deposits in 
the development of coronary and otlier forms of arteriosclerosis, but whether 
tliis represents cause or effect is at tlie present time a matter of interpretation. 
I have studied carefully the coronaries in more than 50 rheumatic hearts and 
am impressed by the constancy of significant lesions of these vessels {Am. 
Heart J ., in press). I do not mean to imply that these lesions are specifically 
rheumatic, but regard them as manifestations of infectious disease. Reference 
has been made to the Ma(y Foundation Survey of Arteriosclerosis, edited by 
Cowdry. In this volume, McCallum expresses the view that there is little 
ground for regarding infectious diseases as of importance in the production of 
arteriosclerosis. As a result of my studies of rheumatic hearts, the studies of 
Klotz and of many others, I think that consideration must still be given to the 
significance of infectious diseases in tlie development of arteriosclerosis in gen- 
eral and coronary sclerosis in particular. 

Dr. Cohen’s studies clearly indicate the importance of arterial disease as a 
cause of heart block. Although in the earlier case reports gumma was empha- 
sized, it now is apparent that coronary sclerosis is a considerably more frequent 
cause of heart block than is gumma. Dr. Cohen’s demonstration of the com- 
munication between arterial channels and the thebesian system is striking. 
While I do not wish to state that thebesian circulation is not of importance in 
maintaining myocardial nutrition, nevertheless, the rediscovery by Moritz 
and his associates of Danger’s observations showing anastomosis between coro- 
nary arteries and vessels in pericardium and mediastinum must be considered 
(/. Exper. Med., 1931, 56, 919, 927), It is at least possible that these extra- 
cardiac anastomoses of the coronaries may play a part in nutrition of the heart 
muscle when intracardiac coronaries are reduced in lumen or occluded. 

(Major V. H. Cornell, Washington.) There is one thing I should like to ask 
Dr. Cohen, and that is if the hearts were studied in serial sections. I ask this 
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because I have recently been working with Dr. Yater on several such cases (we 
have a series at Washington). In his summary of the literature he states that 
many cases must be discarded because complete material has not been studied. 
Perhaps personally I did not appreciate that as fully until a few days before I 
left Washington when we saw a case without apparent severe coronary involve- 
ment, but with calcification of the mitral valve at the base of the aorta with a 
spur jutting out just beneath the mitral leaflet. On serial section after running 
through several trays the bundle showed a small spot of calcium at the center. 
This rapidly grew to the full size of the bundle with complete obliteration of 
the bundle and then disappeared in 170 serial sections, which approximated 
1.5 mm. of the bundle. You can see how readily such a lesion would be missed 
if serial section was not used. 

Another point which occurred to me was that although in the case presented 
we see so much sclerosis of the coronary branch, we do see a compensatory cir- 
culation, and the question arises as to whether the lesion of the bun^e is 
due to circulatory deficiency, or whether it is not a part of the general fibrosis 
occurring in all the tissue around it, and whether that fibrosis itself is primarily 
due to circulatory disturbance or to some other factor. 

(Dr. E. T. BeU, Miimeapolis.) There is one form of arterial disease which has 
not received as much attention as it deserves, I think, and that is fibrosis of 
the media. If you study the media of the muscular arteries you find in young 
persons there are just a few collagenous fibers between the muscle cells. In 
middle age, in the forties, there is a decided increase in the collagenous fibers, 
and in advanced age, seventy to eighty, the muscular arteries of the extremities, 
particularly, are almost completely replaced by collagen, so that commonly 
there are no muscular fibers left. That is a very striking alteration and can be 
brought out beautifully with the azocarmine stain, and is not related to any 
factor, so far as w^e know at present, except age. One is impressed in studying 
arterial disease with the variations of the anatomical type in different arteries. 
The changes in the muscular arteries are quite different from those in the elastic 
arteries. In the muscular arteries the changes are chiefly a medial fibrosis, a 
medial calcification, and in the elastic arteries the outstanding changes are 
intimal. The most prominent feature of arterial disease, what we call arterio- 
sclerosis, is age, and that seems to be much more important than anything else. 
That there are other things is brought out by the fact that we frequently have 
arterial disease, even fatal types, in young persons, which encourages us in the 
search for the factors that ^viU influence it. We must not forget that one thing 
which influences intimal disease is diabetes. If you have had much experience 
in postmortem examinations you know that intimal disease is usually much 
more prominent in diabetics than in non-diabetics of the same age, and dis- 
ordered metabolism is therefore one possible etiological factor. 

(Dr. N. C. Foot, New York.) It might be weU to point out in connection with 
animal experimentation along these lines the importance of knowing the genetic 
history of the rabbits with which you are working. Out in Cincinnati, Zeek in 
our Department attempted to reproduce the Newberg experiments on a num- 
ber of Belgian rabbits without any result, except that the renal lesions were re- 
produced. The aortas remained unaffected. Later on the rabbits in our hutch 
were found to develop arteriosclerosis spontaneously, and Zeek found that one 
buck in particular seemed to possess the faculty of producing progeny, aU of 
which developed spontaneous arteriosclerosis; so that, had we used that particu- 
lar strain to work with, we would undoubtedly have produced very nice arterio- 
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sclerotic lesions, which, had tve not known the histor>' of the animals, might 
have been explained to our satisfaction on totally different grounds and had 
notliing to do v/ith tlie experimental work in hand, llicrcforc, it is vciy imprjr- 
tant to know all about your rabbits’ family histories before you begin on choles- 
terol feeding experiments, Newberg c.xperimcnts. and the like. 

(Dr. Lear}'.) First, with reference to .syphilis of tlie coronary, I have e.vamlned 
a large number of eases of sj'philitic aortitis and I have yet to see an example of 
syphilitic disease of the proximal portions of the coronaries, that is, of the por- 
tion of the vessels which lie beneath the epicardium. Even Warthin, who found 
syphilitic focal lesions universally, admitted that syphilitic lesions of the main 
coronarj' arteries were rare. 

With reference to rheumatic lesions of the coronaries, it is possible that they 
may have a primarj' influence in some cases. The standard lesion of coronarj’ 
sclerosis, i.c., atherosclerosis, can and docs appear usually independently of in- 
fection as such. Infection may lead to coronary stresses, v/hich in turn may 
favor the deposit of cholesterol, but the absence of evidence of inflammatory 
reaction in early atherosclerotic processes negatives the claim that infection is 
a necessary or a common factor. 

Dr. Bell said that the outstanding lesions in the muscular arteries were fibrosis 
of the media. That is not my experience with relation to the coronaries. Sec- 
ondly, he brought up the relation of atherosclerosis to diabetes. I think the 
factor of diet in the experimentation whicli was carried out in tire treatment of 
diabetes supports completely the rabbit experimentation we have been carrying 
on. You will remember that excessively fat diets were used some years ago, 
w'hich led to such an increase in arteriosclerosis that Dr. Warren wondered 
v/hether the increase was due to diabetes, or to the treatment of the disease. 
Since the high fat diets have been discontinued, atherosclerosis is not so out- 
standing, the xanthomas which were common disappeared, and it is impossible 
now in the same clinic to get X-ray evidence of children’s arteries which have 
calcified. 

With reference to Dr. Foot’s remarks, proper controls take care of that situa- 
tion. Our controls were all negative, save that one rabbit showed two minute 
fod of medial sclerosis in the aorta. 

(Dr. Bell.) The muscular arteries I had reference to are those in the extremi- 
ties and abdominal viscera. It does not apply to the coronaries. 

(Dr. Klotz.) I wish to thank you for the veiy' kind reception you have given 
to the presentation of my paper. I also wish to extend my congratulations to 
Dr. Leary for the demonstration of a beautiful series of slides of coronary 
arteriosclerosis. Dr. Leary has dearly brought to our attention the frequency 
with which severe coronary scleroses are encountered in the relatively young 
as v/ell as old individuals. The lesions which are encountered in the fatal cases 
are very similar in character, showing stenosis of the lumen of the vessel and 
marked lipoid degeneration of the intimal lesion. It is, however, difficult to 
determine the antecedent history of these human lesions at such a late stage in 
their development. Dr. Leary accentuates the importance of the finding of 
fatty materials in these scleroses, I am sure, however, that Dr. Leary does not 
wish to convey the idea that all coronarj' lesions arise in this manner, and that 
he will admit the development of others on an inflammatory basis. Such a one 
I illustrated in a child of 9 years, who after recurrent attacks of tonsillitis de- 
veloped a glomerulonephritis along with a well marked coronary sderosis. An- 
other case showed similar endarteritis without lipoid changes in a girl of 14, vffio 
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had suffered a succession of severe infectious diseases during 2 years preceding 
death. It is very clear that our studies in the future must lay more stress upon 
the arterial lesions at their commencement rather than attempt to indicate the 
course of the lesions after they have attained their late characteristics after 
middle life. 

I am sorry that Dr. BeU has suggested to us that age is a cause of arteriosclero- 
sis. It is as though age were a crime. I am sure he did not mean that. It is 
true that wth advancing years we accumulate the scars of previous damage 
and thus for the demonstration of numerous and well marked examples of ar- 
teriosclerosis we seek the tissues of elderly individuals coming to autopsy. Age, 
however, has not been a factor in producing these lesions. The wear and tear 
of life upon tissues is not so important as other essential factors which have a 
specific influence upon certain structures. It is, however, pleasant to think that 
there is no truth in the old belief that alcohol produces arteriosclerosis or that 
smoking brings about lesions in the human aorta. The experimental evidence 
that nicotine acts upon the aorta of some of the lower animals cannot be ap- 
plied to the human subject. The manner of these experiments is entirely dif- 
ferent from anything that happens to man. 

Dr. Foot has brought up a very important point respecting the use of ex- 
perimental animals in the study of arteriosclerosis. Nearly every one of the lower 
animals that is used for experimental purposes develops its own type of arterio- 
sclerosis, and one must be very careful in distinguishing these lesions from such 
that may be induced by the experiments. On the other hand, too, as has been 
stated by Dr. Foot, some of these animals develop arteriosclerosis with great ease 
and at periods in their life when not expected. Some strains of animals show 
scleroses in greater frequency than others belonging to the same species. Fur- 
thermore, in the study of arteriosclerosis the rabbit has been utilized most 
commonly for experimental purposes. This herbivorous animal is so different 
from the human that the greatest care must be taken in interpreting the ex- 
perimental results. I am far from satisfied that the animal experiments, in- 
dicating cholesterol compounds as important factors in the production of arterio- 
sclerosis, can be accepted for the interpretation of the human lesions. The 
cholesterol metabolism in the rabbit and in the human are two entirely different 
processes. It is my belief that the cholesterol-lipoid substances are only an index 
of the damage imposed upon the arteries, and that they do not represent the 
factors causing the lesion. In the future it may be well to turn from the rabbit 
and carry on experiments in the monkey or in other omnivorous mammals. In 
each case it will be necessary to famih'arize oneself with the natural diseases 
arising in these animals as well as with the normal metabolism concerning 
various substances. The experimental work which has heretofore been carried 
out on a few of the lower animals has been interesting and has assisted in under- 
standing reactions in the arterial wall. The experiments, however, are still in- 
conclusive in respect to an appreciation of the human disease. 

Cardiovascular Renal Changes Associated with Basophilic Adenoma 
OE THE Anterior Lobe oe the PiruiTARY. H. E. MacMahon, Boston, 
Mass. 

Abslraci. In unravelling the rather complex clinical syndrome of pituitary 
basophilism one finds recurring with remarkable constancy a group of signs and 
symptoms indicative of cardiovascular renal disease; a greatly elevated blood 
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pressure, an enlarged heart, associated wth frequent headaches and disturb- 
ances in vision. Tiicsc may be present over a period of months or years, to be 
complicated at a later period by signs o! renal decompensation, namely, in- 
ability to dilute and concentrate fluids, and a progressive retention of non- 
protein nitrogen substances in the blood strcjim. Tlic urine v/ill reveal albumin, 
casts of various types and red blood cells. 

A study of such cases boUi clinically and from the standpoint of pathological 
histology has shown that this cardiovascular renal disease simulates that de- 
scribed by Volhardt and Fahr as malignant nephrosclerosis. 

Discussion 

(Dr. Howard T, Karsner, Cleveland.) Will Dr. MacMahon state whether 
or not the acute necrotizing arteriolitis is present in all the cases of basophilic 
adenoma of the anterior lobe of the pituitary that he studied? 

(Dr. MacMahon.) Acute necrotizing arteriolitis has not been a constant 
feature. I have seen it in 3 cases of basophilic adenoma of the anterior lobe of 
the pituitary. These patients showed signs and symptoms of advanced pituitary 
basophilism (Cu.shing’s syndrome), including marked hypertension, renal de- 
compensation of varying degree with red blood cells and albumin in the urine. 
Two days ago I received some kidney sections from Dr. Hussey, from a patient 
of Dr. Cushing showing signs of pituitary' basophilism. Clinically there were no 
signs of renal decompensation and the urine contained no blood. Histologically 
the only remarkable lesion in the kidney was a vascular hj’pertrophy and 
marked swelling of the basement membrane of the small arterioles. 

(Dr. Komel L. Terplan, Buffalo.) The relation of the basophilic cells in the 
hypophysis to hypertensive disease is of great interest, although we have not 
arrived as yet at a clear conception of the etiological role of the basophilic cells 
or basophilic adenomas in this connection. From the papers of Kraus, Ber- 
blinger and Zeynek we know that the number of basophilic cells is considerably 
increased in different diseases, especially in those with a high cholesterol level, 
such as marked essential hypertension and chronic glomerulonephritis. This 
also has been observed in cases of severe obesity, regardless of whether or not 
they showed hypertension. In i case of basophilic adenoma of the hypophy'- 
sis, which 1 sav/ in Prague, the only one I recall, there was no assodated hy- 
pertension. 

(Dr. MacMahon.) I think it is quite possible that one may find a basophUic 
adenoma of the pituitary in the absence of vascular renal changes. It is quite 
true that one finds other examples of adenoma appearing in glands of internal 
secretion without showing any clinical manifestations. In the case of the baso- 
philic adenoma of the anterior lobe of the pituitary showing signs of pituitary 
basophilism, the cardiovascular renal signs and syTnptoms may in the early 
stages be slight or absent; w’hereas a careful study of the advanced cases may 
throw some light on our problems of cardiovascular pathology. Several months 
ago Dr. Russell, of the London Hospital, England, told me of a case of b^- 
philic adenoma of the anterior lobe of the pituitary showing the histological 
changes in the kidney characteristic of malignant nephrosclerosis. It does seem 
more than a mere coinddence that this relatively rare vascular lesion should 
recur so often in the advanced cases of pituitary basophilism. 
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Pulmonary Embolism Following Trauma. J. S. McCartney, Minneapolis, 
Minn. 

Abstract. A study of the protocols of 9882 postmortem examinations done 
during 6-J years reveals that in 1604 instances, or 16.2 per cent, death followed 
injury. In the traumatic group embolisms were found in 61 cases (3.8 per cent), 
and in the non-traumatic group in 222 cases (2.6 per cent). Statistically this 
appears to be a significant difference. The age distribution of cases was the 
same in the two groups. There were 6283 males and 3598 females. The inci- 
dence of embolism was 2.4 per cent in the males and 3 .$ per cent in the females. 
There is a significant difference in the two sexes in the incidence of embolism. 
The greater incidence in females is not to be accounted for by the embolisms 
that followed childbirth. 

The incidence of embolism after trauma was 2.6 per cent in the male, and 
7.7 per cent in the female. This is a significant difference. 

Of the 61 traumatic cases 45, or 73.7 per cent, were between the ages of 50 
and 79 years. In the non-traumatic group but 59 per cent occurred between 
these ages. 

The incidence of embolism after skull fracture was 0.2 per cent, after fracture 
of the ribs 0.9 per cent, after fracture of the spine 1.4 per cent, after fracture of 
the upper extremity 4.5 per cent, after fracture of the pelvis 3.^2 per cent, after 
multiple fractures 4.8 per cent, after fracture of tibia and (or) fibula 14.8 per 
cent, and after fracture or dislocation of the femur 25 per cent. In the group of 
miscellaneous traumas there was an incidence of 2.2 per cent. No embolisms 
followed gunshot wounds. These percentages indicate the great importance of 
rest in the etiology of embolism, since fractures of the lower extremity require 
much more prolonged immobilization than other fractures. The part which 
operative procedures played in this series is indeterminate, although 14 were 
operated upon for the trauma sustained. 

Before 50 years of age the maximum incidence, according to the number of 
cases, was only 2.9 per cent. Between 50 and 79 years of age the incidence was 
7.2 to 7.3 per cent, and from 80 to 89 years of age 4.8 per cent. The very great 
importance of age in the causation of embolism is clearly demonstrated. 

Of the 61 embolisms, 53 followed fractures or dislocation and of these 53 
embolisms 28 were fractures or dislocations of the femur and 7 fractures of the 
tibia and (or) fibula. Only 4 of the 53 fractures were compound. 

The times of occurrence of pulmonary embolism after trauma were: ist 
week 9 cases, 2nd week 21, 3rd week 10, 4th week 5, and after the 4th week 16. 
Embolism following trauma takes place later than after operation. 

Discussion 

(Major V. H. Cornell, Washington.) I should like to ask if you were using a 
frame for the suspension of the lower extremities in the treatment of fracture, or 
was the leg completely immobilized? 

(Dr. Thomas H. Belt, Toronto.) Dr. McCartney's interesting paper touches 
upon a subject to which we have been devoting considerable attention here in 
Toronto, namely, the autopsy incidence of pulmonary embolism. It brings out 
the striking frequency of embolism following trauma. We have found here, 
since we have made a special search for emboli in the lungs, that they occur in 
a large number of cases that ordinarily might be passed over if the search was 
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not carefully airriccl out. I. refer particularly to the .smaller types of emboli 
that cause infarcts of the lung, and v.-hich I believe Dr. McCartney has excluded 
from his scries. We find that about lo per cent of our routine autopsies show 
emboli that arc demonstrable to the naked eye, and a large projiortion of these 
cases have cardiac incompetence; many of them actually died from heart dis- 
ease. There arc many factors in the causation of thrombosis and embolism 
which wc have to consider, and the most important etiological factor in our 
scries seems to be slowing of the circulation. 

(Dr. McCartney.) In response to Major Cornell, I cannot answer tlie ques- 
tion as to immobilization. I have not studied as yet the ho.spital records from 
that standpoint. 

I might add in connection with what Dr. Bell bad to say, that, in the non- 
traumatic cases, cardiac lesions of one type or another stand out prominently, 
but this is not so true in the traumatic cases. 

AnaTOMCAL and EXPERIlffiKTAI. OnSEKVATION'S ON Am ElinOUSil. H- 
Chase (by invitation), Montreal, Canada, 

Abstract. The autopsy findings are described in a case of air embolism which 
was rapidly fatal following the incision of a large branch of the right pulmonaiy^ 
vein during a lobectomy operation. On opening the cranial cavity first there 
was found a diffuse subarachnoid hemorrhage over the tributaries of the longi- 
tudinal sinus and extending around penetrating cortical veins. Intracranial 
air emboli w'ere confined to branches of middle and anterior cerebral arteries. 
The left heart and coronary arteries were also filled ivith air, but there were no 
perivascular hemorrhages. 

In order to obtain a visual conception of living events in air embolism meas- 
ured quantities of room air were injected into the aortic arch in a series of 12 
rabbits, through a long cannula inserted through an opening in the right carotid 
artery. The observations were made possible by the adoption of an apparatus 
devised by Ricker and his co-workers for the study of the rabbit’s mesenterj' 
in vivo, while it was bathed in Ringer’s fluid at a constant temperature. This 
apparatus was particularly applicable because (i) tissue movements could 
constantly be observed microscopically through a water immersion lens wdth 
direct illumination, and (2), with practice, the operator could perfect a tech- 
nique that permitted him to start with a vascular mesenteric bed that was 
almost a physiological preparation. 

The experimental observations may be summarized as representing two 
distinct vascular effects. The first is traumatic and probably neurovascular, 
and the second is mechanical, (i) The traumatic neurovascular effect is in- 
dependent of the nature of the irritant. It produces an immediate transient 
vasoconstriction of muscular arteries and terminal segments, during w'hich the 
slow peripheral blood movement (prestatic state) is associated with slight diape- 
desis. As fatigue of muscular arteries translates vasoconstriction to vasodilata- 
tion there develops a progressive arterial hj'peremia. (2) The mechanical vascu- 
lar effect is due to the specific agent which is the air obstructing small arteries 
and arterioles. It also produces peripheral prestasis which is of rapid onset and 
sometimes prolonged. During this interval there occurs a more or less abundant 
diapedesis of red cells from the capillaries and venous side of terminal seg- 
ments. This ends in either complete cessation of blood movement (stasis) or 
in diffusion of air through the arterioles with a return of the h3q)eremic state. 
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In both the aulopsied case and in the animal experiments air emboli were 
confined to arteries and arterioles, while hemorrhages were confined to terminal 
vascular segments and small veins. Although we must accept with caution a 
comparison of tissue movements in animal experiments to human pathological 
processes, tlic similarity of the %^ascular changes in the rabbit’s mesentery to 
those in the meningeal vessels of the autopsied case, under stimulus of the same 
irritant, suggests a similar neurovascular mechanism concerned in their pro- 
duction. 


Discussiou 

(Dr. Esmond R. Long, Philadelphia.) I am wondering wiictlier Dr. Chase 
has given some tliought to that very distressing accident w'hich occurs now and 
then, sudden death during the course of artificial pneumotliorax. As you know^ 
sometimes in the course of the therapeutic admim’st ration of air in a pleural 
cavity the patient goes into a state of collapse and dies within a few minutes. 
There have been two theories as to the cause of death. One is that death is due 
to introduction of the needle into the pulmonary vein with resultant direct air 
embolism. This theory has not been substantiated by postmortem examinations. 
In its failure a second theory has been accepted by a good many clinicians, the 
rather nebulous hypothesis of pleural shock. In the first case reported by Dr. 
Chase it is possible that a vein was punctured. If so, after the needle was with- 
drawn, could a sufficient amount of air have entered tlie pulmonary vein from 
the pleural cavity to cause emboh’sm? Sometimes death occurs after 200 to 
300 cc. have been put in the cavity. There is no question in these cases that 
during the administration of air the needle is not in the vein; the manometer 
shows it to be in the pleural cavity. 

(Dr. Timothy Leary, Boston.) Isledicolegal deaths from air embolism are 
rather rare, but sudden death is always due to a massive introduction of air 
into the circulation, making a mixture that cannot be pumped. One finds the 
right side of the heart filled with this frothy blood constantly in my experience. 

1 have seen at least 10 or 15 of these cases. I have performed autopsies upon 

2 cases of sudden death from pleural shock following the introduction of a needle 
into the lung for the purpose of obtaining lung cultures in pneumom'a. There 
was no possibility of the introduction of air in these cases. 

(Dr. Long.) I am glad to hear Dr. Leary’s comment, because in Chicago we 
always taught that death in air embolism could occur only in the way he de- 
scribes. However, it is commonly held by clinicians who do pneumothorax 
work that fatal embolism can take place from small amounts of air on the other 
side of the vascular circulation. 

(Dr. Edw'in F. Hirsch, Chicago.) I should like to ask Dr. Chase whether he 
considers that the experiments done on the peripheral circulation apply to the 
pulmonary circulation. There has been doubt that air introduced into the 
pulmonary artery passed through the capillary bed of the lungs and entered the 
systemic circulation. 

(Dr. Marcus W. Lyon, South Bend.) I should like to cite one instance of ac- 
cidental administration of air into the venous circulation. In an attempt to 
withdraw blood from a patient for immunization against influenza in 1918-19 
the patient complained as the pump was being worked that he could feel some- 
thing trickling up his arm, and the person operating it discovered that the pump 
was set in the wrong position, and instead of withdrawing blood, air was being 
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forced into the patient. NoUiing happened, but the patient was sent back to 
the -ward %vithout further attempt at withdrawal of blood. Probably not much 
air entered, but certainly some. 

(Dr. Ilarrj' C. Sclimcisscr, Ivlcmphis.) Dr. Chase's obsen,'alions arc very 
important in answer to the question so frequently put to the pathologist by the 
surgeon, whether or not air introduced into the circulation at operation could 
have a bad effect upon the patient and possibly be llic cause of sudden de;ith. 
In past years Dr. Welch taught that no bad effects would be experienced from 
air emboli except possibly, on operating about the neck, the internal jugular 
might be cut and a large amount of air pass to the pulmonary’ artery'. 

(Dr. Chase.) I think there is no doubt that it takes large quantities of air in 
the circulation to cause death in humans. W'c have had several cases of deatli 
from pleural shock, in none of which have we been able to demonstrate defi- 
nitely the presence of air embolism. Several such cases have been described in 
the literature. 

In regard to the passage of air through the pulmonary' circulation, tlial does 
occur in some animals. It occurs in dogs, but there is nothing to indicate that 
it occurs in rabbits or in humans. 

Studies ok the Digitae Vascular System with Coksideratiok of the 
Condition of the Gloiius in Infijvjjmation, Ap.terjosclerottc Gan- 
grene, Diabetic Gangrene and Thromboangeitis Obuterans. K. W. 
Popoff, Rochester, N. Y. 

Abstract. A brief summary' of the work done on the human digital vascular 
system is presented. A digital glomus similar to glomus coccygcum is described. 
Anatomical data enabling understanding of heat regulation and other functions 
of the digital glomus are given. The importance of taking into consideration 
the state of the glomus for proper understanding of capillary reading, of local 
clinical manifestations and of various diagnostic tests is stressed. Nev,' bistolop- 
cal points in differentiating arteriosclerotic and diabetic gangrene of the extremi- 
ties are presented. A hitherto unknown vascular anomaly manifested by the 
presence of peripheral digital arteriovenous anastomoses is described and is 
offered as an etiological factor of thromboangeitis obliterans. 
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THE FUNCTIONAL REACTIONS OF THE HUMAN THYROID * 

A CONTRIBUTION TO ITS HISTOPHYSIOLOGY 

N. Goormaghtigh t and F. Thomas 
{From the Department of Pathology, University of Ghent, Ghent, Belgium) 

Many attempts have been made to get a better understanding of 
the histophysiology of the thyroid gland. If Graves’ disease is 
nothing more than a severe condition of hyperthyroidism the struc- 
ture of the enlarged gland should give us the key to the problem. 
Unfortunately the arguments in favor of a condition of dysthyroid- 
ism cannot be discarded altogether. On the other hand, the his- 
tology of toxic goiters (exophthalmic and non-exophthahnic) is by 
no means a constant one and the efforts made thus far to explain the 
severity of the clinical course by the histological features have not 
met with uniform success. The statistics of Wilson ^ published in 
1914 show that the clinician and the pathologist are in agreement in 
only 75 per cent of the cases examined. 

The use of the tinctorial reactions of the colloid, suggested by 
Kraus ^ and Troell,® has not improved this percentage by any great 
degree. However, the concept of the “Wucherungspolstern” intro- 
duced by Sanderson-Damberg ^ has enabled Hellwig ® to get more 
satisfactory results. This tends to prove that a better knowledge of 
the finer histological structures will clear up many questions of in- 
terest in the toxic goiter problem. Unfortunately, researches along 
these lines are now hampered with new difficulties which arise from 
the prevailing Plummer preoperative treatment with iodine (Mayer 
and Fiirstenheim ®). The accumulation of coUoid is a disturbing 
factor in the interpretation of the morphological findings. 

* Received for publication June 8, 1934. 

t Director of the Department of Pathology. 
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Another method of approach would consist in looWng for dis- 
tinctive morphological peculiarities of endemic goiters with or with- 
out hyperthyroidism. Here again a uniform morphological standard 
is lacking. Nothing enables us to say v/hether an enlarged gland 
does or does not elaborate more thyroxin. As Wegelin “ points out, 
our shortcomings may be due to several causes, among v/hich our 
imperfect knowledge of the histophy.siolog>' of the thyroid is a 
prominent one. 

Progress in this direction is needed and the conditions are too 
intricate to make headway by tlie study of goiter material. In our 
opinion progress %vill be attained only by a scheme of investigation 
wherein the cellular reactions arc closely correlated with a definite 
functional phase of development, such as metamorphosis (Ulilen- 
huth ®), or with a stimulation of the gland measured by the increase 
of the basal metabolism. The recent w'ork of Okkels, Krogh and 
Lindberg,^ who make use of the thyrotropic hormone as a stimulant, 
opens no doubt a promising field of investigation. Technical diffi- 
culties, however, are met with wiiich can be mastered only by a 
team of workers trained for this particular purpose. 

We want to prove in this paper tliat, in the meantime, useful con- 
clusions can be dra-wn from a systematic histological and cytological 
survey of an extensive scries of human thyroids collected in the 
postmortem room. Such material must be fresh, perfectly fixed and 
should be collected in an area such as Ghent, Belgium, where en- 
demic goiter is very rare. 

Investigations of this kind have been carried out in recent years 
by Farrant and Williamson and Pearse,“ but their aim was dif- 
ferent from ours. For the present at least we are not concerned with 
knowing whether, in one particular disease, the gland is hyperplastic 
or not, or whether the gland has a larger or a smaller hormonic out- 
put. We use marked changes brought about by pathological con- 
ditions to get new information about the functional interpretation 
of certain histological structures. 

It is well knowm that infectious or toxic conditions sometimes 
considerably alter the thyroid morphology. What is more often 
overlooked is the fact that structures appear which are considered 
by many as a characteristic feature of toxic goiter. The extensive 
material at our disposal gives us the opportunity to link up a 
complete series of transitional changes, the study of which leads 
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to a satisfactory explanation of the extreme stages. We are thus 
able to connect the morphology with certain aspects of functional 
activity. 

The Morphology of the Thyroid Epithelium during 
Follicular Depletion (Colloid Release) 

The first point we shall consider is the morphology of the thyroid 
epithelium during follicular depletion. The work of our predeces- 
sors, as well as our own investigations, shows that colloid release is 
a common occurrence in toxic or infectious processes, but it is by 
no means constant. In 6 cases of pneumococcus lobar pneumonia 
we never saw any sign of it. Neither did we notice any depletion in 
acute streptococcal puerperal septicemia. In acute peritonitis fol- 
lowing appendicitis, on the other hand, we found regularly a certain 
degree of colloid release. In patients dying from intestinal obstruc- 
tion (ii cases) all the gradations of the process exist, so that finally 
the follicles are found to be reduced to canalicular formations which 
resemble in all respects similar structures seen in toxic goiters. The 
same remark applies to diphtheria cases, although in these there is 
no general rule, intercurrent infection probably accentuating the 
depletion. 

Figures i and 2 represent the thyroid of a female, 54 years old, 
who died within 48 hours after the onset of intestinal obstruction; 
Figure 2 particularly shows the early stages of the depletion. Many 
follicles, however, are still filled to a maximum, as in Figure i. The 
morphology of the epithelium offers many striking features. First 
of all, the epithelial lining is heterogeneous, contrary to what is 
generally stated in standard textbooks. To our knowledge only 
Aschoff has laid stress on this fact. A narrow segment of high 
cylindrical cells with dark hyperchromatic nuclei is very evident, 
while the remaining epithelium is either low cuboidal or endothe- 
lioid. Thus we already can distinguish three types of epithelium in 
one follicle, low cuboidal (Type i), columnar (Type 2), endothelioid 
(Type 4) . Let us now examine the follicle on the left of Figure 2 
and neglect for a moment the typical “Sanderson Polster.” The 
high cylindrical segment is slightly extended. It is doubtful if in 
this follicle colloid release has begun. We should like to draw atten- 
tion to the appearance of another type of cell, especially in the 
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groove adjacent to the “Polster.” It is a high cuboidal cell with a 
large vesicular nucleus (Type 3). A general survey of 500 human 
thyroids from normal and pathological cases proves that all the 
varied aspects of the thyroid epithelium can be classified under 
these four t5rpes. 

The follicle on the right of Figure 2 shows an unquestionable de- 
pletion. Its shape tends to be more or less triangular, while the high 
cylindrical epithelium extends over two-thirds of the contour. 

In Figure 3 again we notice the close connection between the ex- 
tension of this type of epithelium and the progressive collapse of the 
follicle. On the left the shape of the two adjoining follicles A and B 
proves that they are completely filled with colloid. A high cylindri- 
cal segment is easily recognizable in both, but it is narrow. On the 
right of this figure (follicles C and D) these high cjdindrical segments 
extend over the greater part of the follicular wall, while the colloid 
depletion is already marked. This is still more convincingly empha- 
sized in Figure 4 from another case of intestinal obstruction. Here 
the follicle is completely surrounded by high palisade epithelium of 
which the morphology is clearly demonstrated on higher magnifica- 
tion. We need not dwell upon its histological characteristics, except 
to point out the fact that the width of the cell does not far exceed the 
width of the oval, hyperchromatic nucleus. 

We suggest that there is a close connection between the increase 
in the size of the segments of cylindrical epithelium and colloid de- 
pletion. Since we believe that this point is of importance in thjToid 
histology, we should hke to present further data in favor of this 
assumption. Figures 5, 7 and 8 represent thyroids from diphtheria 
cases. Of the four large foUicles present in Figure 5 the third from 
the left shows a beginning stage of depletion. Here the high cylindri- 
cal epithelium forms the least extensive segment. In the second and 
fourth follicles from the left, collapse of the follicle is much more 
marked. In the one where it is most evident (the fourth), the great- 
est part of the lining is columnar. Figures 7 and 8 again show this 
striking correlation; the generalized high cylindrical character of the 
follicular epithelium corresponds to extreme degrees of colloid ab- 
sorption. Stress is laid upon the fact that in the human thyroid a 
large spherical follicle is never found with an entirely uniform, high 
columnar lining. When this type of epithelimn surrounds the foUicle 
entirely, the latter has always attained an extreme degree of de- 
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pletion. Of course, we find in our preparations sections of collapsed 
follicles without columnar epithelium. Serial sections prove, how- 
ever, that they correspond to the tail end of a diverticulum of a 
depleted follicle, the main body of which, not seen in this particular 
section, is provided with large high cylindrical segments. Others are 
depleted follicles of which the epithelium shows regressive changes; 
they are devoid of functional activity. We may summarize our con- 
ception as follows: in a follicle provided with uniform and general- 
ized high cylindrical epithelium, the colloid resorption is always con- 
siderable. As shown above the reverse is not true, i.e., a depleted 
follicle may be found occasionally without cylindrical lining. 

The above observations force upon us the conclusion that the 
columnar epithelium absorbs the colloid stored in the follicle and 
excretes the active hormone into the blood or lymph vessels. We 
see some cytological evidence of this excretion in the form of color- 
less basal vacuoles found only in this t3^e of epithelium, as one of 
us has shown in a recent paper. They attain a considerable size 
in some cases of diphtheria, as shown in Figure 7. 

Moreover, there is always a very marked vasodilatation of the 
sinusoids adjoining this type of epithelium. The l3mph vessels are 
also distended; in cases of acute depletion this may lead to edema of 
the stroma (Fig. 7). The excretory function of high columnar epi- 
thehum is in itself not surprising since toxic goiters are so amply 
provided with it. A study of the latter would have led to this con- 
clusion were it not for some exceptions which resulted in confusion. 
In the light of what follows, these discrepancies, and especially the 
eventual absence of high epithelium in a toxic goiter, can be easily 
explained. 


The Effect of Colloid Depletion 

The result of colloid release on the architecture of the follicle is 
illustrated by Figure 7. The coUapse of the wall leads to the forma- 
tion of diverticulums which later on sever all connection with the 
main follicle. In this way accessory minute follicles are formed 
which, in some instances, as in Figure 8, surround the depleted fol- 
licle as sateUites. These diverticulums of the main follicle have 
been noticed since Virchow by many authors (Wegelin,'^ Marine, 
Wilson,^® Norris,^® and Rienhoff^^), Most of these workers never took 
into account the part the disease played in the extension of these 
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secondary acini and considered the diverticulums or secondary acini 
as evidence of proliferation. A recent work of Moritz also favors 
this view. Figure 7 proves clearly that this is not the case. Glands 
presenting this morphologj’^ have a low weight. There is actually no 
budding but a formation of diverticulums through mechanical fac- 
tors. However, the collapse of the follicular wall is not the only re- 
sponsible factor. A modification of some of the constituents of the 
excretory segment also plays a r61e. In protracted cases where the 
thyroid has been stimulated for some time the columnar and rather 
dark cells gradually increase in size while the nucleus becomes large 
and vesicular (Type 3). The turgescence of a row of adjoining cells 
forces them to bulge out. The effect of the two combined factors is 
illustrated most clearly in Figure 6, where we notice not only de- 
pletion of the main follicle but also a bulging out of the newly formed 
diverticulum. 

It is evident that, when this process of diverticulum formation 
extends along the entire follicular wall, as can be seen in Figures 4 
and 8 (severe collapse) , the process leads to a fragmentation of the 
main follicle. The key to the interpretation of senile involution of 
the thyroid lies in this important observ^ation. 

The Morphology op Intrapollicular Colloid Secretion 

(Storing Process) 

The colloid represents a storage product which in adults is the 
result of a very slow secreting process operating from birth. On the 
other hand, there is ample evidence that after acute coUoid de- 
pletion the colloid can be restored quickly to normal. 

One of us has carefully followed this slow accumulation of col- 
loid in young children who died accidentally. It is a striking fact 
that up to the age of 12 years the high cylindrical segments are 
very scanty, so that the morphology of the thyroid epithelium (at 
this age) is almost imiform and of the low cuboidal type. As this 
corresponds to a gradual increase in size of the foUides brought 
about by a process of coalescence we concluded that low cuboidal 
epithelium slowly secretes colloid into the follicular cavity. 

Figure 9 illustrates the appearance of the epithelium during an 
active process of intrafoUicular secretion. The follicle represented 
in the center of Figure 9 has reached an extreme degree of depletion. 
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It belongs to a thyroid from a case of intestinal obstruction where 
the patient survived 4 days. A very narrow segment of high cylin- 
drical cells is still evident. In our opinion these cells represent re- 
maining segments of the excretory (or absorptive) function. The 
other cells have undergone marked changes. These cells have broad- 
ened out, their nuclei have become vesicular and increased in size 
and they have the characteristics of cell Type 3. They are secreting 
into the foUicular cavity large droplets (Anderson vacuoles) and at 
the same time a watery, transparent fluid. We see here a striking 
example of the beginning of a new and very active colloid secretion. 
A more advanced stage is seen in Figure 10. It is from the thyroid 
of a child who had passed the stormy period of diphtheria and was 
actually convalescent. The child died suddenly of heart failure 
18 days after the onset of the disease. Small doses of iodine were 
administered daily during the illness. The thyroid shows marked 
changes. The follicles are of medimn size (80 to 100 microns in 
diameter) and much smaller than in children of the same age who die 
accidentally (100 to 150 microns). Most probably this thyroid un- 
derwent, during the acute stage of the disease, a period of depletion 
comparable to that represented in Figures 7 and 8. However, at the 
time of death the gland was rapidly restoring its colloid material, 
since almost all follicles are spherical and fiUed with a thin, trans- 
parent fluid. Moreover, evidence of follicle coalescence, such as 
Moritz recently described in man and Uhlenhuth ^ in the sala- 
mander, is frequent. The newly accumulated colloid stands out in 
contrast to the older, denser colloid, lying in the center of the fol- 
licular acinus. Here again, as in the previous preparation (Fig. 9) 
the epithehum is composed of large cells with large vesicular nuclei 
(Type 3). If it were possible to present an unlimited number of 
photographs, we could easily demonstrate the frequency of similar 
aspects in subacute septic processes, such as peritonitis following 
appendicitis (7 to 9 days duration). 

These observations lead us to the conclusion that the high 
cuboidal cells (under certain conditions large cylindrical) , which con- 
tain a large hyperchromatic nucleus and clear C3q;oplasm with an ex- 
tensive surface contact with the blood vessels, secrete the colloid 
into the follicle actively and rapidly. Experunental data support 
this view. Injection of pilocarpin into guinea pigs and rats increases 
the mtrafolhcular mass of colloid and transforms a low cuboidal 
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epithelium into a high cuboidal type. We also find the latter form 
of epithelium in rats which, having been exposed to cold, restore 
their colloid at room temperature. It is well knovm from the work 
of Cramer that exposure to cold causes a severe colloid release and 
it may be interesting to note inddcntally that during the depletion 
period high cylindrical epithelium occurs, a fact that agrees with 
our conclusions. 

The functional significance of endothelioid epithelium is obvious, 
namely that of a slow secretion of colloid. 


The Morphology of the Nomul Thyroid 

Keeping in mind the functional significance of these different 
types of epithelium, a survey of human thyroids of adults who died 
soon after accidental injuries leads to a new conception of thyroid 
histophysiology. The epithelium of normal control glands is in fact 
heterogeneous. Although the predominant type is low cuboidal, 
narrow segments of high columnar cells are present in some of the 
large follicles. If our previous observations are correct, the number 
and size of these columnar cell segments should give us an indication 
of the hormonal output of the gland. They represent the only part 
of the parenchyma that sets free the hormone into the circulation. 

This active part is very small if we consider the fact that only one 
of five large follicles shows these narrow excretory segments. This 
observation is in harmony with the histophysiology of other en- 
docrine glands, such as the suprarenal cortex, where the available 
evidence points to the fact that likewise only a very small propor- 
tion of cells is actively at work under normal conditions, while the 
remainder of the parenchyma is held in readiness for special emer- 
gencies.^® 

We have come to the conclusion that in normal glands the high 
columnar segments can be divided into two groups. An example of 
the first group may be seen in Figure i, w^here there are no accessory 
follicles. In most instances, however, w^e notice that they are in 
close contact with small secondary satellite follicles generally pro- 
vided with low cuboidal epithelium and formed by a process de- 
scribed above (second group). These peculiarities are convincingly 
demonstrated in Figure ii, which shows a th3n'oid from a man 21 
years old who was killed in a motor aeddent. 
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The “Sanderson Polsters” 

When colloid secretion increases in the small secondary follicles 
their mass bulges into the follicular cavity and gives rise to a 
“Sanderson Polster” (Fig. 2) for which we suggest the term 
“papilla.'^ These secondary acini are nearly always lined with large 
epithelial cells (Type 3) and the nuclei are conspicuous by their size. 
These papillae, or “Sanderson Polsters,’’ are a common finding in 
septic or toxic processes which stimulate the secretion in those 
secondary acini. Up to the present time the “Sanderson Polster” 
has been considered a center of proliferation. In our opinion it is 
the expression of a simultaneous stimulation of hormonal excretion 
by the columnar epithelium of colloid secretion by the cells with 
large nuclei, which are restricted to a small portion of the follicle 
complex. We believe that the papillary formation is due to three 
factors; increase in size of the cells, increase of colloid secretion and 
congestion of the capillaries. 

These papillae consequently correspond to localized zones of 
functional activity, normally present, but brought into prominence 
by the stimulation of physiopathological conditions. In the light of 
these observations the significance of the small acini is quite different 
from that of the large follicles. Only the latter excrete the hormone 
into the circulation. As shown above, the two types are, however, 
closely related. High columnar cells having performed their ex- 
cretory function become turgescent and are extruded in the form of 
acini out of the main follicle, the process being accentuated by the 
depletion of the latter. 

The Functional Uiht 

We believe, therefore, that the human thyroid is composed of 
functional imits, i.e.^ complex formations of main and secondary 
foUicles. In many cases of severe sepsis these histological features 
are evident and no better illustration can be given than by Figure 8. 
Under normal conditions the functional units are less conspicuous 
because the colloid storage overshadows the signs of colloid ab- 
sorption. The greater part of the epithelium continues to increase 
the storage of colloid slowly, while in some main follicles only a 
small segment of cells excretes the hormone into the capillaries 
(Figs. I and ii). The concept of the functional units was brought 
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fonvard by Williamson and Pearsc,” but their argument is weak- 
ened by the excessive stress they lay upon the significance of the 
lymphatic system, which in fact docs not differ essentially from 
that of any other endocrine gland. The same concept has been 
implied by tliosc workers w'ho have made reconstructions of the 
thyroid follicle since the publication of Wilson.’^’ However, the 
only way to obtain convincing evidence is to make a study of 
glands profoundly changed by the physiologcal effect of patholog- 
ical conditions. 



In health and disease the active functional units are ever-changing 
structures. With a constant number of cells the functional demands 
of the gland are met by various appropriate cell combinations. 

In the early stages of a septic or toxic process the thyroid unit 
reacts by a stimulation of both excretion and secretion, which com- 
pensate for each other. The segments of high cylindrical cells ex- 
tend, while the low cuboidal cells of the main follicle change into 
cells with large nuclei (Type 3), a process which brings the ‘‘Sander- 
son Polster” into prominence. This period of compensated aclvdly 
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lasts a variable time. In 5 cases of streptococcic puerperal infection 
we found evidence of it from 8 to 10 days after the onset of fever. In 
peritonitis following appendicitis, in several cases of diphtheria 
and in protracted cases of staphylococcic pyemia, there is evidence 
of an early depletion. The decompensation is still more pronounced 
in intestinal obstruction. On the other hand, several cases of peri- 
tonitis following appendicitis which we have studied prove that 
the depletion and fragmentation can be followed by a restoration 
period leading, through a process of coalescence of the follicles, to 
the normal configuration of the functional unit (Text-Fig. i). 

The succession of periods of colloid release and coUoid secretion 
appears as a fact of general significance in the histophysiology of the 
thyroid. Uhlenhuth’s ® remarkable work proves that metamorpho- 
sis in Ainly stoma opacum requires an activity of the thyroid which 
leads to a considerable colloid depletion. However, a period of 
active restoration of the colloid soon follows. Kuhn,^^ on the other 
hand, noticed this same succession of hormonal excretion and intra- 
foUicular colloid secretion in salamander larvae injected with thyro- 
tropic hormone of the anterior lobe of the pituitary gland. In man 
(Van Goor,^^ Schmelling and in mammals (Benazzi®^) colloid 
release is observed in the later part of fetal life. As Benazzi has 
shown, the follicles at birth are already refilled when the animal is 
bom active (such as the guinea pig or the lamb) . In other mammals, 
such as the mouse and rat (Benazzi) and man (own observations) 
the colloid restoration takes place soon after birth. 

Discussion 

We are well aware that our conclusions may lead to controversy. 
Any one familiar with the histology of toxic goiter wiU be prepared 
to accept the excretory function of the high columnar epithelium 
(i.6., colloid absorption or release with hormonal output into the cir- 
culation). In fact, Holst^^ has already suggested that the absorption 
process takes place at the site of the “Sanderson Bolsters.” But this 
idea was more or less hypothetical. The critical mind will point to 
toxic goiters devoid of this type of epithelium. If Graves’ disease or 
thyrotoxicosis centers entirely in the thyroid, which is far from being 
an established fact, our morphological studies suggest that, besides 
the unquestionable multiplication of its cell constituents, the thyroid 
shows the decompensated type of hyperfunction when no pre- 
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operative iodine treatment has been used. The functional units 
resemble in many respects those of a case of diphtheria, apart from 
the hj^Dcrplastic characteristics (Fig. 8). We have shov/n that in 
this type of hyperfunction a phase of colloid restoration vcr>'’ often 
follows the phase of depletion. In appendicitis there is even evidence 
that both processes alternate. The discrepancy in the histological 
findings in goiter material may be easily explained by the fact that 
the gland is removed during such a period of restoration. This 
temporary lack of tliyroxin excretion need not necessarily corre- 
spond to an improvement of the symptoms, since the thyroxin is 
very slowly destroyed in the tissues. 

There are other objections to be met. One could argue that the 
colloid depletion is not the result of the functional activity of colum- 
nar cells but tliat the morphology of the thyroid epithelium is con- 
trolled by the collapse of the follicle. This argument does not hold. 
In rats exposed to cold the small size of the follicles, or more exactly 
the difference between their diameter and the height of the cells, is 
so slight that collapse is not possible and yet high cylindrical cells 
appear at a given moment during the experiment. 

In the literature columnar epithelium has generally been inter- 
preted as a sign of hypertrophy and has been associated with cell 
proliferation. Marine says that “columnar epithelium always 
indicates hypertrophy.’' With this w'e cannot agree. Columnar 
epithelium is a normal constituent of the gland. Its scarcity ex- 
plains why it has been overlooked up to the present. In any human 
control gland we have had no difficulty in finding columnar epi- 
thelium grouped in narrow rows. When in simple colloid goiter 
these columnar cells become very evident, Wegelin," Aschoff^” 
and HeUwig ^ consider it a sign of proliferation. There is no con- 
vincing argument in favor of this assertion. In our opinion the in- 
crease in number and in size of these columnar segments coincides 
with the onset of toxic symptoms, and indicates that the hormonal 
output is increased. This is much more in agreement with clinical 
observations. It ■wiU be interesting to reexamine simple colloid 
goiters from the point of view of the existence of columnar seg- 
ments. If we find them regularly a much debated problem will be 
solved, we shall understand at last why in spite of their low cells 
most of these goiters are not accompanied by thyroid insufficiency. 
Aschoff,^ who has based his classification partly on the existence of 
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the so-called proliferating buds provided with columnar epithelium,- 
admits that the presence of the latter coincides with the appearance 
of symptoms of hyperthyroidism. If we compare these observations 
with ours, it must be conceded that they lend support to our views. 

The cliief argument of those who believe that high cylindrical 
epithelium indicates cell proliferation consists in the fact that ad- 
jacent to this type of epithelium there is always an active process 
of budding. That is why the Sanderson formations have been con- 
sidered proliferation zones. To this we answer first of all, that in no 
freshly fixed human gland does one find isolated cells budding from 
high epithelial cells; they are always grouped in acini with a definite 
lumen. Secondly, we point again to the mode of formation of these 
secondary acini where only mechanical factors play a part. 

We do not deny the possibility of a multiplication of cells in the 
papillae, but so far no one has given decisive proof of it. In our fresh 
human material we have never found mitotic figures. Of course we 
do not lay stress on this because we are dealing with agonal condi- 
tions. However, in thyroids of rats, guinea pigs and rabbits we have 
repeatedly found mitotic figures in both low and high epithehum 
with the same frequency. In exophthalmic goiter, where the differ- 
ent types of cells described above are present, mitoses are found in 
any one of them. What is still more convincing is the fact that the 
weight of the glands with a preponderance of columnar epithelium 
(Figs. 7 and 8) is less than the average (5 gm. instead of 7 gm. 
average weight; 3.5 gm. instead of 5 gm. average weight). We had 
the opportunity of examining several specimens of th5n:oids from 
males and females between 50 and 65 years of age killed accidentally. 
Extensive .segments of columnar epithelium were present, as well as 
secondary acini. If these formations indicate proliferation why 
should the gland decrease in weight, as our measurements have 
shown? In the thyroid of salamanders Uhlenhuth noticed also that 
mitoses were scanty at a period when papiUae with high cells were 
numerous.® 

Moreover, recent observations support the view of the excretory 
function of columnar epithelium. As mentioned before, Van Goor “ 
and Schmelling have proved that in the later part of human fetal 
life the colloid is released to a certain extent. In fresh material we 
find that during that period, and especially at birth, the epithelium 
is chiefly columnar. Moreover, in the experiments of Okkels, Krogh 
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and Lindberg ® where the hormonal excretion was measured by the 
basal metabolism, typical columnar epithelium appeared, as is 
shown in Figure 3 of their publication. 

At the onset of metamorphosis of Ambysloma opacum the func- 
tional activity of the thyroid is unquestionable. Although Uhlen- 
huth ® does not distinguish different cell types it is evident from a 
perusal of his paper that columnar epithelium is present during the 
colloid release. We should like to call attention especially to Text- 
figure 16, page 645 of his paper published in Arch. /. Enlwcklngs- 
mechn. d. Organ, 1927, 109. The appearance of columnar epithelium 
during colloid release is also strikingly demonstrated in a series of 
contributions by Corti’s pupils on the th>Toids of birds coincident 
with the development of feathers.^^’ 

We shall not discuss at length the secretorj' function of the cells of 
Type 3 the surface contact of -which -Wriith the capillaries is alv/ays 
considerable. In fact it is with those cells as -w'ell as vrith the low 
cuboidal ones that our predecessors have been chiefly concerned. 
We refer to the classical work of Bensley and the remarkable con- 
tributions of Uhlenhuth.® We hesitate to dwell on their cytological 
features for fear of interrupting the unity of our argument. More 
about this question -vs'ill be found in a paper by one of us.^^ We be- 
lieve that Langendorff cells are compressed cells vrithout any func- 
tional significance. Furthermore, we shall not take up the question 
of the inversion of polarity set forth by Cowdry or the significance 
of the modifications of the colloid and the Anderson intra-acinar 
vacuoles (Uhlenhuth,® Aron which are no doubt related to an 
increased acti-vity of the gland. The Anderson vacuoles pass from 
the cell into the follicular ca-vity. Our photographs and Uhlenhuth’s 
drawings entirely agree. The Anderson vacuoles constitute one of 
the aspects of rapid intrafoUicular secretion and in XJhlenhuth’s 
observations, as well as in our o-wn, their number attains a maximum 
when the colloid restoration is well on the way. 

It -will be noticed that we have not mentioned the Wolffler cells 
or solid interstitial cell groups. Nothing in our extensive investi- 
gations supports their embryonic nature. In normal childhood 
"there are no isolated interstitial cells or cell groups. They appear 
only when the functional units have been stimulated (see also 
Aschoff,^ and Rienhoff and broken up into small follicles through 
protracted toxic or septic conditions, or through senile involution. 
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They are formed only when small or medium sized follicles are 
predominant. 

We have come to the conclusion that the parafollicular cells (No- 
nidez^®) of small mammals are homologous to the small satellite 
follicles of the human thyroid. Mechanical conditions (small size 
of the follicle) prevent the collapse and folding of the follicle waU 
and only the second mechanical factor mentioned previously plays 
a part, namely the turgescence of the cell. The process has been 
clearly described by Florentin and Nonidez.^® 

Bernard, Benazzi and Florentin have suggested that these 
cells or cell groups excrete the hormone actively into the blood 
stream. Examination of material from small mammals may favor 
this view, as does also the cytological structure of these cells and 
their close connection with the blood vessels. However, a wide ex- 
perience with the human thyroid compels us to discard entirely this 
opinion. Furthermore, the predominant histological features of 
toxic goiter are completely opposed to this theory. 

Conclusions 

1. Four types of epithelimn exist in the nonnal human thyroid; 
(1) the low cuboidal type which secretes colloid slowly into the 
follicular cavity; (2) the large high cuboidal or broad cylindrical 
cell type with large nuclei which secretes colloid actively into the 
follicular cavity; (3) the colmnnar type which absorbs the stored 
colloid and excretes the hormone into the blood or lymph circula- 
tion; and finally (4) the endothelioid t)^e which is associated with 
a very slow coUoid secretion. 

2. The thyroid cells are grouped in ever changing functional 
units which under normal conditions differ from each other by their 
hormonal output. 

3- The units containing narrow columnar cell segments (a normal 
constituent of the gland) excrete the hormone actively into the 
circulation. 

4- These active functional units are composed of a main follicle 
and satellite follicles. The excreting zone of columnar cells is al- 
ways located in the main follicle and usually in close connection 
with satellite follicles. The remaining epithelium of the fimctional 
unit is for the most part low cuboidal and under certain conditions 
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endothelioid. Occasionally some cells with large nuclei arc present 
in the satellite follicles. 

5. Under normal conditions the amount of stored colloid is kept 
fairly constant by the compensatory activnty of columnar epithelium 
on the one hand and cuboidal epitlielium on the other. 

6. The small satellite follicles arc derived from the excretory seg- 
ment, not as the result of a budding process but through the action 
of two mechanical factors: (1) the folding of the excretory epithelium 
following depletion, and (2) the turgcsccncc of the columnar cells 
that have exhausted their excretory function. The latter factor may 
operate alone. The small satellite or secondary follicles represent 
cell groups beginning anew their functional cycle. 

7. There are no interstitial cells or solid interstitial cell groups 
present in the normal infant or adult thyroid, while in senile involu- 
tion tliey may become apparent. This observation refutes the em- 
bryonic nature of these elements. 

8. ‘'Sanderson Polsters” are the result of functional stimulation 
of the excretoiy^ zone which expands, and of the group of underlying 
acini which secrete colloid more actively. This papillary fonnation 
is caused by an increase in size of the cells, an increase of the colloid 
secretion and vasodilatation. 

9. Although we do not deny the possibility of cell multiplication 
in high columnar segments or in the “Sanderson Polsters'^ we main- 
tain tliat they are not specifically proliferation centers under normal 
conditions. 

10. A very small proportion of thyroid cells excretes hormone 
into the circulation. 

11. Under pathological conditions the gland reacts at the begin- 
ning by an extension of the columnar excretory segments and by the 
transformation of the low cuboidal type into the cell type with large 
nuclei. At this stage there is no depletion. Increased hormonal ex- 
cretion into the circulation is compensated for by increased intra- 
foUicular secretion. This compensated stage may last 10 days 
(streptococcic septicemia). In cases of peritonitis foUowdng ap- 
pendicitis, intestinal obstruction, and occasionally in diphtheria, 
there is evidence of an early decompensation, the excretion pre- 
dominating over the intrafoUicular secretion. 

12. The depletion of the main follicle leads to the formation of 
secondary acini and finally to extensive fragmentation of the fimc- 



FUNCTIONAL REACTIONS OF HUMAN THYROID 729 

tional unit. The latter may be restored to its normal features 
through the secretory activity of the small foUicles which fuse to- 
gether. There is evidence of alternating periods of colloid release 
and colloid storage during protracted infectious or septic diseases. 
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DESCRIPTION OF PLATES 

We are indebted to Mr. F, Pittock for the photomicrographs. These were 
made through the kindness of Professor J. P. HiU, of the Department of His- 
tology, University College, London. 

Plate 153 

Fig. I. Thyroid from a woman 54 years old. Intestinal obstruction by strangu- 
lated umbilical hernia. Survival 2 days. Distended follicle. Heterogene- 
ous epithelial lining. Narrow columnar segment shghtly protruding into 
the follicular cavity. Turgescence of the nuclei of the underl3Tng sinusoids. 
X 300. 

Fig. 2. Follicle from the same case showing slight colloid release. Four types of 
epitheliiun — endothelioid, low cuboidal, cells with large nuclei and colum- 
nar. The columnar is larger than in Fig. i. Vasodilatation of the underlying 
capillaries, satellite follicles. “Sanderson Pokter” protruding into the 
follicular cavity, x 300. 
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I’r.ATE 134 

Fig. 3. 7'hyroi(I from the same case at lower magnification showing the corre- 
lation between the c.xtension of columnar epithelium and colloid depletion. 
X 150- 

Fig. 4. Thyroid from a woman 70 years old. Intestinal obstruction caused by 
a scirrhous carcinoma of the sigmoid colon. Survival 10 days. Advanced 
stage of colloid depletion. The follicle is surrounded by uniform columnar 
epithelium. Note apical colloid granules. Marked formation of diverticu- 
lums and satellite follicles provided with a lining of cells with large nuclei 
(Type 3). X 500. 















Platk 155 

Fig. 5. Thyroid from a girl 7 years old. Diphtheria, toxic symptoms, glomerulo- 
nephritis. Region of the thyroid showing the correlation between the c.x- 
tension of columnar epithelium and colloid depletion, x .230. 

Fig. 6. Thyroid from a woman 54 years old. Intestinal obstruction. Morjiho- 
logical features of diverticulum formation (cells with large nuclei), x 230. 

Fig. 7. Thyroid from a girl 7 years old. Diphtheria. Acute clinical course. 
Severe depletion of a follicle. Diverticulum formation. Xote the clear zone 
at the bottom of each cell. Edema of the stroma, x 300. 
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Fig. 8. Tliyroid from a gir] 5 years old. Acute diphtheria. .Severe colloid de- 
pletion. Jixtensivc development of columnar epithelium. Marked forma- 
tion of satellite follicle.s. Functional units very eudent. x 150. 

Fig. 0. Thyroid from a woman 57 years old. Intestinal obstruction by 
strangulated umbilical hernia. Survival .} days. In the center of the photo- 
micrograph is a collapsed follicle filled with a clear colloid. Xote a narrow 
columnar segment. The remainder of the epithelial lining is composed of 
cells with large nuclei. Secretion of apical vacuoles fncosecretionj. x 500. 
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Platk 157 

Fig. 10. Thyroid from a girl 0 years old v.dio died suddenly during rccover>' 
from diphtheria. Stage of restoration of the colloid. The old, denser 
colloid can be seen in .several follicles. Uniform aspect of the epithelial 
lining of the distended follicles (cells with large nuclei — Type 3). x .300. 

Fig. II. Thyroid from man 21 years old. Fracture of the skull. Survival 
48 hours. Specimen not fresh. Note the three c.vcretoiy segments (colum- 
nar epithelium) belonging to three adjoining functional units, and the 
group of satellite follicles which lies under each columnar .segment, x 230, 
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A UNIQUE INFECTION IN MAN CAUSED BY A NEW YEAST-LIKE 
ORGANISM, A PATHOGENIC MEMBER OF THE 
GENUS SEPEDONIUM * 

G. H. Hansmann, M.D., and J. R. Schenken, M.D. 

{From the Department of Pathology, Georgetown University, School of Medicine, 

Washington, D.C.) 


A middle-aged white man who had had an irretractable sVin 
disease for 1 5 years attracted our attention because the extent and 
the gross features of the lesions were unlike anything we had ever 
observed. A survey of the literature convinced us that the clinical 
manifestations of the ailment indicated a new disease. Unique 
papular lesions with a small crater of necrosis capping each, which 
yielded a few drops of sticky pus, covered the entire skin. The 
lesions were heavily set on a much thickened, wrinkled and scaly 
skin, which had a tendency to become ulcerated. The ulcers were 
deep and crusted and progressed slowly. The regional lymph nodes 
were increased markedly in size. The features enumerated led us to 
believe that a moderately strong injurious agent was the cause of the 
disease. The extension of the lesions over the entire surface of the 
body, followed by enlargement of the regional lymph nodes, led us 
to suspect an infectious form of microbiological life, possibly a fun- 
gus, as the etiological agent of the disease. Sections of the patho- 
logical skin and lymph nodes revealed the presence of minute yeast- 
like bodies chiefly within endothelial phagocytes. The organism was 
isolated on artificial culture mediums. Mycological and animal 
pathogenicity studies of the pure culture were made. According 
to the taxonomy of Saccardo, the organism belonged to the genus 
Sepedonium. Our species did not belong to any of the described 
members of the genus. No pathogenic member of the Sepedonium 
has been described. 

Report of Case 

Clinical Bistory: H. J., a steel welder, was observed on Feb. 9, 1931, He 
complained of a generalized skin eruption which was accompanied by intense 
itching. In 1917 dry scaly skin lesions developed in the regions of the popliteal 

* Received for publication Jime 21, 1934. 
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spaces from which the remainder of the skin eventually became involved. He 
had been a sailor for 3 years, a railroad s'.vitchman for several years, and a 
welder of steel flues for the past years. No flux or brass was used and the 
shop in which he worked was well ventilated. In September, 1920, lesions began 
to appear on the thighs. Progression of the lesions continued until he was un- 
able to work because of involvement of the palms of the liands. 

Physical examination revealed a man whose general condition was quite 
good. He had a generalised, dry, papular skJn eruption whicli caused him con- 
siderable distress from itching. One buccal lesion was observed. Many types 
of local and general therapeutic agents were tried but these serv’cd only to re- 
lieve S3Tnptoms and had no cfTcct upon the progress of the disease. He was dis- 
charged on March 29, 1931, with a diagnosis of dermatitis exfoliativa. 

The patient was rehospitalized on July 7, 1032. .Since his last hospitalization, 
ending on March 29, 1931, he had visited numerous physidans and health re- 
sorts but had received no aid. He liad received a course of eight X-ray treat- 
ments in September, 1931, with no benefit, and a biopsy of tlie skin and an 
inguinal lymph gland was made in tlie institution where he had received the 
X-ray treatments. A diagnosis of dermatitis and lymphadenitis %vas made, but 
because of the heavy infiltration of the skin with lymphoid cells the question of 
leukemia of the skin was raised. Until ?^Iay, 1932, the skin of his back v.-as 
fairly smooth but since then the old lesions became more elevated and many 
new papules appeared. This was accompanied by loss of weight and weakness. 
He had difficulty in keeping warm even during the summer months. The right 
small toe became gangrenous and sloughed off in July, 1931. Several fingers of 
the right hand had been lost in an accident. 

Physical examination revealed a w’eak, emaciated male, whose entire skin was 
involved in an extensive dermatitis. The lesions varied from scalincss and 
papule formation to ulcerated lesions measuring 3 to 4 cm. in diameter. The 
most recent lesions W'ere papules measuring 0.5 to i cm. in diameter, which were 
somewhat irregular in outline and had a tendency to become confluent. The 
pruritus was intense. The thickened mucous membrane of the mouth presented 
several small, granular, ulcerated lesions. The heart, lungs and abdominal 
viscera were normal. 

Laboratory Studies: The urine was normal. Red blood cells 4,200,000; white 
blood cells 10,200; hemoglobin 82. Blood Wassermann negative. Blood studies 
for evidence of changes in the bleeding time, coagulation time, fragility of the 
red blood cells, clot retractibility and prothrombin time showed no abnormal- 
ities. The blood platelets were 0.35 per cent (Van Allen). The CO2 combining 
power of the plasma was 60.7. No lesions were demonstrable roentgenolopcally 
in the chest, or dorsal or lumbar vertebrae. Biopsies of the skin, the left inguinal 
lymph gland and the buccal mucosa were made on July 9, 1932. Each of these 
tissues was cultured and the yeast-like organism isolated. The tissue sections 
revealed definite evidence of a chronic inflammatory process and the presence 
of numerous yeast-like bodies in phagocj'tes. A few w’ere free in the tissue and 
in the epithelial cells. 

Therapy consisted of massive doses of potassium iodide and ionized copper 
treatment. X-ray was also applied to a small area of the lesions, all of which 
seemed to progress imder treatment. 

Under observation the patient developed new skin lesions and a punched-out 
xilcer of the tongue. Many of the older firm papules became ulcerated. His 
temperature, which had been of a mild septic type since admission, gradually 
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became more elevated. Three days before death friction rubs and r^Ies were 
heard in the chest. Death occurred Aug. 7, 1932, presumably 15 years after the 
onset of the disease. 

Postmortem Examination 

The body was that of a well developed, emaciated male, whose 
entire skin was thickly studded with papular and macular lesions 
measuring 0.5 to i cm. in diameter. Many deep ulcers from i to 
4 cm. in diameter were found, as weU as numerous shallow ulcera- 
tions which represented the recent liquefaction of the summits of 
papules. Large decubitus ulcers were present over the sacral and 
scapular regions. The skin was thickened, reddish purple in color 
and fissured in many areas. No areas of the skin escaped involve- 
ment. The lesions were found in the scalp, eyebrows, palms of the 
hands, soles of the feet and the scrotal sac, as well as over the larger 
skin surfaces. Papular and ulcerated lesions were also found on the 
roof of the mouth, the tongue and the mucous membranes of the 
cheek. 

Except for fibrous adhesions between the gall-bladder and the 
colon, the peritoneal cavity appeared normal. The left pleural 
cavity contained 1 50 cc. of cloudy sanguineous fluid. Fibrin covered 
the pleura. The right pleural cavity appeared normal. The lower 
lobes of both lungs were firm and not crepitant. The cut surfaces 
were granular and yielded a purulent fluid. The medimn sized ves- 
sels were occluded by red, friable blood clots. The heart weighed 
360 gm. No endocardial lesions were present. The spleen appeared 
somewhat fibrotic. The liver weighed 2670 gm. The cut surface had 
a yellowish color and yielded an abundance of greasy material. The 
gastro-intestinal tract, gall-bladder, pancreas and kidneys appeared 
normal. The adrenals were somewhat enlarged and showed small 
areas of necrosis in the medulla. Numerous atheromas and ulcera- 
tions were present on the intima of the aorta. The bladder and 
prostate appeared normal. The brain showed no lesions. All super- 
ficial lymph nodes were firm and enlarged, the largest being about 
4 cm. in diameter. 

Histological Examination 

Except for slight myocardial scarring, the heart appeared normal. 
Sections obtained from the lower lobes of the lungs showed the al- 
veolar sacs filled with pol)morphonuclear leukocytes, fibrin and red 
blood cells. Many bronchioles showed partial or complete destruc- 
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tion of their walls. Several of the smaller branches of the pulmonary' 
artery were occluded by organizing thrombi which showed canaliza- 
tion at their peripheries. Both old and recent infarcts were present. 
Occasionally yeast-like bodies were found which were engulfed by 
large mononuclear phagocytes. These organisms v/cre found in the 
alveolar sacs and not in well defined lesions, as observed in the skin 
and the adrenals. The yeast-like bodies were not numerous, A few 
spiculatcd forms of the infectious agent were present. The spleen 
showed some thickening of the sinusoidal walls. The malpighian 
corpuscles were atrophic and many plasma cells were noted through- 
out the pulp. No lesions due to the presence of the organism were 
noted. The pancreas and gall-bladder appeared nonnal. The liver 
showed a moderate fibrosis and a chronic inflammatory cell infiltra- 
tion of the supporting connective tissue of the portal canals. Fatty 
metamorphosis of the periphery of the lobules v/as present and a few 
small areas of focal necrosis were noted. The kidneys, except for a 
few small arteriosclerotic infarcts, appeared normal. The adrenals 
presented medullary and cortical areas of caseation necrosis resem- 
bling those produced by Mycobacterium luherculosis. A fev.' yeast- 
like bodies were present in the central portion of these caseous areas 
but they were found in great abundance in the phagocytes and the 
adrenal cells at the periphery. Myriads of microorganisms were 
found in the adrenal cells proper, in areas where no necrosis had as 
yet occurred. This was a conspicuous finding in all the early lesions. 
The largest adrenal lesion measured about 0.2 cm. in diameter. 
Large subintimal deposits of atheromatous material v/ere observed 
in the aorta. Organizing thrombi were attached to the bed of some 
of the atheromatous ulcers. The skin sections taken before and after 
death, as well as the sections taken at another institution in Sep- 
tember, 1931, revealed large numbers of microorganisms engulfed by 
large mononuclear leukocytes, A papule consisted of a collection of 
large mononuclear phagocytes located directly beneath the epi- 
dermis and confined to the corixim. The infectious agent caused 
very little connective tissue proliferation. The larger, non-ulcerated 
lesions showed only slight evidence of liquefaction necrosis. Up to 
twenty or twenty-five roimded organisms, each surrounded by a 
distinct capsule, were contained within one phagocyte. A few organ- 
isms were noted in the epithelial cells themselves. Sections of the 
lymph glands, which were obtained before and after death, as well 
as the one removed elsewhere in September 1931, also revealed large 
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numbers of organisms. Scarring distorted the architecture of the 
glands so that no evidence of germinal centers was observed. Large 
numbers of plasma cells were present and a hyperplasia of the endo- 
thelial cells was in evidence. The latter contained the organisms. In 
a few instances collections of phagocytes heavily laden with yeast- 
like bodies were observed but as a rule they were scattered diffusely 
throughout the gland. Giant cells were abundant in the lymph 
glands, as compared to the other tissues involved, but they were not 
a prominent feature in any of the tissues. They contained relatively 
few organisms. The brain sections revealed no pathological changes. 

Mycological Study 

The appearance of the organisms in the tissues was that of 
rounded, yeast-hke bodies. They varied little in size, and together 
with the chitinous fungus-cellulose capsule measured from 3 to 
5 microns in diameter. There were a few swollen hyaline bodies 
which were judged to be empty capsules. The organisms were, for 
the most part, enclosed in monocytes but many were present in 
adrenal cells proper. A few were free in the tissues and some were 
present in epithelial cells of the epidermis and in giant cells. They 
were very numerous in injured adrenal cells at the periphery of a 
lesion. The orgam'sm stained better with various modifications of 
hematoxylin, (phosphotungstic acid hematoxylin and iron hema- 
toxylin) than they did by the Giemsa method. In the lungs the 
organisms were larger than they were in the lymph nodes, the skin 
and the adrenals, measuring about 6 microns in diameter. Some of 
the yeast-like bodies in the lungs had a thick spiculated capsule, 
such as was later seen on artificial culture medium. 

A biopsy of skin and lymph node was made on July 21, 1932. The 
tissue from each site was divided into two equal portions. One por- 
tion was washed in 6 changes of sterile broth. The other half was 
first treated momentarily with alcohol and then washed in 6 changes 
of sterile broth. The pieces of tissue were then macerated in a small 
amount of broth and test tubes of medium were then inoculated. 
"What remained of the macerated tissue after inoculation of artificial 
mediums was inoculated into the peritoneal cavities of guinea pigs 
and mice. No evidence of disease developed in the animals after 
several months of observation. 

Meat infusion agar, blood agar, brain agar, chocolate agar, 
Sabouraud’s medium, 25 per cent rabbit blood agar, and beer-wort 
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agar were employccL The inoculum of a single loop v/as passed 
down a series of several large lubes of medium. The number of con- 
taminating organisms was thus diminished so that isolated colonics 
of the fungus were readily obtained. In 7 days, there being no par- 
ticular food requirement for the organism, numerous, small, flat, 
arborescent, ic>’'-appcaring colonics w’crc barely ^^sible on many of 
the tubes. At times there was no contamination, the tube being 
thickly set with colonies of the fungus. Even before the colonies 
appeared, smears from the surface of the medium revealed mycelial 
threads springing from the yeast-like bodies in a phagocyte. There 
seemed to be little difference in the rapidity of growth between the 
temperature range of 22° to 38° C. Under anaerobic conditions the 
growth was retarded. Colonics appeared first regularly on meat in- 
fusion and blood agar. On these mediums mycelial threads were 
more abundant. This v/as particularly true of the meat infusion 
agar. The growth on the mediums with a high percentage of 
serum and the mediums cultivated cmder anaerobic conditions de- 
veloped more slowly, was butter-like in consistence and was com- 
posed almost entirely of large, round, yeast-like bodies. 

Hanging drop cultures show'cd branching septate mycelium with 
the development of a large spore mthin a long mycelial thread, but 
much more frequently these spores w^ere found within and at the 
end of a short myceb'al branch. The surface of the spore v/as at 
first smooth, but later it took on a distinct spiculated appearance. 
Conidiospores were observed and there was no dissemination, 
indicating that the spores w^ere well contained wdthin the mycelial 
threads. Round, hyaline bodies, which were quite uniform in size 
and appeared as spores, w^ere frequently seen within these large 
chlamydospores. They disappeared upon heating and absorbed 
fuchsin and Sudan HI. We were convinced of their lipoidal nature. 
These globules were especially abundant in cultures containing 
serum or those grown under anaerobic conditions. None of the 
globules survived fixation and staining methods. 

Colonies grown directly on cover glasses showed a thallus of deli- 
cate mycehum. The flexibility of the filament is interpreted by the 
way its direction of growdh is diverted when it encounters even the 
smallest particle on the cover slip. ’V^fhen a mycelium branches, the 
angle formed between the two mycelial threads is usually more than 
45°. Usually after 10 days the large spiculated chlamydospores de- 
velop within and at the ends of the short lateral branches near the 
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center of the thallus. These spores extend peripherally as the thallus 
grows. After 3 weeks spores are about all that is left of the thallus. 
The myceha are for the most part degenerated. 

The mycological study in our case included a consideration of the 
various organisms which appear in tissue as yeast-like bodies. 
Leishman-Donovan bodies, Darling’s Eistoplasma capsulahim, 
Oiditmi gilchristii, Monilia albicans, Coccidioides immitis, Torula 
histolytica, Phialophera verrucosa, and the organism of pseudofarcy 
were compared with our organism. It appeared somewhat like Leish- 
man-Donovan bodies in tissue. Giemsa’s stain failed to bring out a 
kinetic nucleus. Unlike the organism of leishmaniasis, it was not 
pear-shaped and the chitinous cellulose material about the nuclear 
substance indicated a fungus rather than an animal parasite. The 
size of the organism in our case suggested the Eistoplasma capsu- 
latum of Darling, more than any of the above mentioned yeast-like 
organisms. It was much smaller than the other yeast-like bodies 
which appear in tissue. However, in the case here reported, there 
was no involvement of the spleen and the organism was culturally 
unlike the organism of pseudofarcy which has been presumed to be 
similar to Darling’s Eistoplasma capsulatum. The cultural char- 
acteristics were also quite unlike any of the above named organisms 
which appear in tissue as yeast-like bodies. 

Animal Pathogenicity 

Inoculation of macerated skin and lymph nodes into the peritoneal 
cavity of mice and guinea pigs produced no disease. The inoculation 
of guinea pigs and rabbits subcutaneously with the isolated fungus 
resulted in local lesions after 7 days. The lesions progressed for 
7 days, when definitive evidence of regression was noted. The ani- 
mals were killed after approximately 4 weeks. The organism was 
stiU alive in the lesion but there was no dissemination of the in- 
fection and it seemed definite that the lesions would have healed in 
these animals. The dog and the rat developed progressive lesions. 
The animals were killed, but judging from the extensive lesions in 
the lungs, spleen, adrenals and liver, it appeared relatively certain 
that these animals would have died of their generalized infection. 
The small yeast-like bodies were found in the granulomatous lesions 
of these experimental animals. Pure cultures of the yeast-like or- 
ganism were isolated from the lesions 3 to 4 weeks after the inocula- 
tion of the animal. 
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Summary and Conclusions 

A case of a chronic infection produced by a yeast-like organism 
belonging to the genus Sepedonium has been reported. The infec- 
tious agent was apparently localized in the skin and the regional 
lymph nodes for a period of about 1 5 years. The skin was thickened 
and scaly throughout the course of the disease, except during the 
last 3 months of life when the characteristic papular lesions de- 
veloped. It is possible that this fungus infection could have been a 
secondary infection ingrafted upon a non-specific scaly dermatitis, 
but the presence of tlie yeast-like organism in the slan and lymph 
glands for at least a year and a half before the lesions became papu- 
lar, and the fact that the enlargement of the lymph nodes w'as an 
early observation, make this possibility seem quite improbable. It 
is our opinion that the disease was initiated by the fungus. 

The appearance of the organism in tissue, the large spiculated 
chlamydospores on artifidal culture medium and the animal patho- 
genicity of the organism are the characteristic features by which 
subsequent cases may be recognized. 

The infecting organism is similar in the chronicity of the infection 
it produced, the macroscopic appearance of its growth upon arti- 
fidal culture medium and the formation of spores upon lateral 
branches to the so-called oidium mentioned in medical literature. 
However, the large spiculated spores, the delicate mycelium and the 
animal pathogenicity are distinctly different from the Oidium gil- 
christii. 

Although we appreciate that the taxonomy of this large group of 
imperfect fungi, to which this organism belongs, is artifidal and 
often very unsatisfactory, it would appear that this organism could 
not be more satisfactorily classified for the present than 'with the 
genus Sepedonium, since no spore formation from the copulation of 
hyphae was observed. 


DESCRIPTION OF PLATES 
Plate 158 

Figs, i and 2. Photographs showing the distribution and nature of the skin 
lesions. 

Fig. 3. Photograph of the thickened, wrinkled, scaly skin which shows many 
papules with crater-like ulcerations of their summits. 
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Fig. 4- Photomicrograpli of the yeast-like organism in the large mononuclear 
cells in the corium of the skin, x 1 200. 

Fig. 5. I’hotomicrograph showing the large, thick-walled, spiculated chlam^'- 
dospores which are so characteristic of the organism uixin artificial culture 
medium, x 1200. 
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I'lG. 6. Photomicrograph of a thallus of the organism grown on a glass slide. 
Note the large spores near the center of the thallus and the delicate, tan- 
gled mycelium, x 6o. 

l-'iG. 7. Photomicrograph of the adrenal of the human showing an are.! of 
caseation necrosis in which many organisms were found, x 70. 
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I'lO. S. Pholof^raph of iho lesions in the lung and the spleen of the dog inocu- 
lated with the organism. 

Fio. 0- Photomicrograph of the lung of a dog showing a granulomatous lesion 
of the disease, x 6o, 
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A FREE GROWTH PERIOD OF TUBERCLE BACILLI IN THE 
GUINEA PIG OMENTUM AS RELATED TO THE 
HYPERSENSITIVE STATE * 

C. Eugene Woodrotf, M.D. 

{From the Department of Pathology, Vanderbilt Medical School, Nashville, Tenn.) 

The study of immune processes in tuberculosis is complicated 
by the fact that true immunity, in the sense in which that term is 
used in diphtheria or smallpox, does not exist. The patient who, 
to all clinical appearances, has completely recovered from tuber- 
culosis may suffer a relapse, just as the experimental animal which 
has been “immunized” may be fatally reinfected with a large 
enough dose of virulent tubercle bacilli. At the same time, as was 
first adequately demonstrated by Romer,^ something happens, in 
the laboratory animal and, presumably, in man, after an initial 
tuberculous infection, which renders the individual or the animal 
somewhat more resistant to reinfection. Just what changes occur 
in the body cells and fluids following this initial sensitizing infection 
is not clear. 

A useful approach to the problem of immunity in tuberculosis and 
one which has been employed by numerous investigators, is the at- 
tempt to discover how the tubercle bacillus itself, with its resistant, 
waxy structure, is affected by inoculation in the normal and the 
“immune” animal. Thus Markl,^ Kraus and Hofer,® Manwaring 
and Bronfenbrenner,^ Bergel,^ Rist, Leon-Elindberg and Rolland ® 
and Dworski, Smith and Gardner ^ all have studied peritoneal fluid 
withdrawn at intervals after intraperitoneal inoculation of the ex- 
perimental animal, and Paterson ® has made a similar study of 
pleural exudates. All of these studies, however, are subject to the 
limitations imposed by the use of inflammatory exudates, most of 
the investigators having noted the early appearance of so-called 
Much’s granules and the complete disappearance of acid-fast bacilli 
from the fluid of the respective serous cavities within 4 or 5 days 
after inoculation. In every case the bacilli were found to have dis- 
appeared more quickly in the reinoculated than in the normal 
animal. 

* Received for publication July 9, 1934. 
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In the study which follows use has been made of the well known 
fact that bacteria, when inoculated in the peritoneal cavity, accu- 
mulate in large part in the omentum. Spread preparations of the 
omentum have been employed, a simple technic having been de- 
veloped for staining such preparations. This use of omental spreads 
has made it possible to study the inoculated bacilli in their normal 
relation to the fixed tissue cells and the developing tubercles, a study 
that cannot be made adequately either vrith histolo^cal sections or 
with smears of the body fluids. 


Technic 

Albino guinea pigs were employed in the major part of the experi- 
ments, since the reaction of this animal to tuberculous infection 
seems to approximate so closely that of man. In general, young ani- 
mals from 200 to 300 gm. in weight were used, as the omenturas of 
old guinea pigs contain too much perivascular fat to make good 
spread preparations. 

In most of the experiments the well known H-37 human strain of 
Mycohaclcrinm iubcrcnlosis was used for the inoculum. A portion of 
the peUicle of a glycerine broth culture was weighed, after blotting 
off the excess fluid on sterile filter paper, and carefully ground vith 
mortar and pestle in a few drops of sterile saline. Saline was then 
slowly added to give the dilution which was desired, usually i mg. of 
the culture per cubic centimeter of fluid. 

Anyone who has attempted to prepare inoculums from cultures of 
the tubercle bacillus has experienced the difficulty of getting a uni- 
form suspension of the organisms. Even after the most painstaking 
grinding relatively large clumps of bacilli remain in the triturated 
material. In the present experiments no attempt was made to re- 
move these clumps by filtration since it was desired to maintain the 
kno\vn weight of inoculum. In most of the experiments the animals 
were given an amount of inoculum equivalent to o.i mg. of bacilli 
per TOO gm. of body weight, though in some series as much as five 
times this amount was employed. Whenever inoculums containing 
clumps of bacilli were employed, it was found important to take into 
the syringe sufllcient inoculating fluid for only one animal at a time. 
If enough fluid for several animals is taken into the S3Tinge the 
clumps of bacilli gravitate so rapidly that an uneven dose for the 
different animals results. 
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Another pitfall which must be guarded against in making intra- 
peritoneal inoculations is that of losing all or a portion of the inocu- 
lum either by penetrating the bowel or by failing to enter the peri- 
toneal cavity at all. In the present study the animals, with abdomen 
shaved, were lightly etherized and an incision 3 to 4 mm. in length 
made through the skin with scissors. By making use of this incision 
one could usually be certain of entering the peritoneal cavity with 
the inoculating needle. The best protection against penetration of 
the gut we have found to be an initial inoculation of 10 cc. of air with 
a separate syringe. If the air enters the peritoneal cavity the an- 
terior abdominal wall will be bulged up uniformly, while if the air is 
forced into the appendix or some other portion of the gut a serpen- 
tine bulge is formed. Once the anterior abdominal wall has been 
separated from the underlying intestines by a layer of air the in- 
oculating needle can be introduced with Httle fear of penetrating the 
bowel. If the inoculating dose should be lost in its entirety into the 
gut the omentum remains completely normal. 

Omental Spreads 

In order to follow the omental changes animals were killed at 
daily, or more frequent, intervals. During the first few days after 
inoculation omental spreads are easily made. After the first week, 
however, there is an increasing tendency for the free edges of the 
omentum to become matted together. Under these circumstances 
it is well to pull with forceps on the matted portion of omentum 
before it is removed from the animal, thus breaking most of the 
fibrinous adhesions. That part of the omentum which shows the 
ma xirrinm involvement is then freed with scissors and mounted on a 
clean glass slide, either directly or after first floating the tissue in a 
jar of normal saline. Using a pointed glass rod for manipulating the 
moist preparation, a single, thin layer of the omentum is isolated 
and stretched out from the major omental mass. By allowing this 
thin film of tissue to dry on the slide one obtains a point of attach- 
ment and can pull from this point on the main mass of omentum fur- 
ther to break apart its fibrinous adhesions. Finally one obtains a 
layer of omentum not more than one cell thick through most of its 
extent. The preparation is then allowed to dry in the air, after 
which it will be found firmly fixed to the slide. The steaming with 
carbol fuchsin completes the fixing process. 
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With minor exceptions the ordinary Zichl-Ncclsen technic for 
staining is employed. The preparation, flooded v;ith carhol fuchsin, 
is heated to the steaming point on an aluminum plate, v/ashed in 
tap water, flooded wdth acid alcohol, washed, and then immersed 
for lo minutes in acid alcohol (3 per cent HCl in 95 per cent alcohol) 
in an attempt to decolorize the thicker portions of the preparation. 
After again washing in tap water the omentum is counterstained 
with methylene blue, washed and blotted. The preparation should 
then be allowed to dry for an hour at 37°C or for 12 hours at room 
temperature to allow' the perivascular fat to “sweat out.“ Finally, 
any remaining portions which are too thick should be removed. 
The process is completed by merely immersing the dry preparation 
in absolute alcohol, then in xjdol, and mounting in balsam. The 
result is a permanent preparation, easily and quicldy available, 
which shows the entire developing tubercle w'ith its content of 
bacilli and its surrounding cells. Such a preparation may be studied 
through most of its extent w'ith the oil immersion lens. 

Results 

7 . Inoculation of the Normal Guinea Pig 

The results which we have obtained in the early hours after in- 
traperitoneal inoculation corroborate those reported by other w^ork- 
ers. There is an initial acute inflammatory reaction, the tubercle 
bacillus being taken up first by polymorphonuclear cells. One of the 
surprising findings was the rapid disappearance of the large clumps 
of bacilli (Fig. 1) which w^ere included in the inoculum. A few' hours 
after inoculation these clumps had been almost completely broken 
up by the polymorphonuclears, each cell taking up from one to a 
dozen bacilli (Figs. 2 and 3), and by the end of 24 hours the clumps 
had completely disappeared. At 2 hours there are relatively few 
large mononuclear leukocytes, but an occasional one will be found 
which has phagocytosed bacalli. In no case, how'ever, have we found 
the mononuclear cells phagocytosing polymorphonuclears at this 
stage. Unfortimately, the Ziehl-Neelsen stain used for our prepara- 
tions did not enable us to differentiate betw'een polymorphonuclear 
neutrophiles and eosinophiles, the latter, according to Dworski, 
Smith and Gardner,” being the ceU most actively phagocytic for the 
tubercle bacillus in the first few minutes after inoculation. 
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After 24 hours the peritoneal fluid and the omentum still show 
numerous polymorphonuclear leukocytes, but very few of these cells 
contain tubercle bacilli. Many of the polymorphonuclears which 
phagocytosed bacilli during the first few hours have now been taken 
up by large mononuclear cells (Figs. 4 and 5).* The bacilli, as seen 
after this double phagocytosis, exhibit marked irregularities in stain- 
ing and in many cells non-acid-fast granules may be seen which 
probably represent the so-caUed Much’s granules. Also, occasional 
.mononuclear cells are seen which have evidently taken up bacilli 
directly (Fig. 6). It will be noted that these bacilli appear to lie 
within cytoplasmic vacuoles. Furthermore, they appear better pre- 
served than the bacilli in Figures 4 and 5 which were first phago- 
cytosed by polymorphonuclears. 

While many damaged pol3nnorphonuclear leukocytes are taken 
up by large mononuclear cells, as illustrated in Figures 4 and 5, a 
large portion of the pol3miorphonuclears bearing tubercle baciUi 
apparently gravitates to the milk spots {tacJie laiteuse) of the 
omentum or to the perivascular fat tissue. The dark areas shown 
about the blood vessel in Figure 7 are made up almost entirely of 
polymorphonuclears which have encroached upon the perivascular 
fat cells. Many of these polymorphonuclears still carry their burden 
of bacilli. Within 3 days after inoculation the perivascular areas 
have become a dense cellular mass composed largely of mononuclear 
cells (Fig. 8). It is the opinion of Gardner,^® who has studied this 
phenomenon in regular histological sections, that the mononuclear 
cells proliferate m situ to form the tubercle-like nodules about the 
blood vessels. It is in these areas that caseation first appears. 

The Appearance of Freely Growing Bacilli: Gardner has pointed 
out the remarkable clearing of the acute inflammatory reaction 
within 3 days after intraperitoneal inoculation of the normal guinea 
pig with tubercle bacilli. We have observed the same thing in 
spread preparations of the omentum. At 4 days the preparations 
show the dense perivascular infiltration, the enlarged milk spots and 
occasional clumps of mononuclear cells which apparently proliferate 
in situ on the surface of the omentum to form miliaiy tubercles 
(Fig. 9). At 4 days, also, a phenomenon which we have not hitherto 

* A recent paper by Vonvald ® indicates a similar transference of bacillus-containing 
polymorphonuclears to the large mononuclear cells in the lung of the rabbit after in- 
travenous inoculation with H-37. 
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seen reported makes its appearance. In association vath certain 
cells may be seen masses of bacilli growing in parallel strands just as 
they might grow on the surface of glycerine broth (Figs. lo and ii). 
These masses may be immediately adjacent to, or some little dis- 
tance from, the groups of cells that are forming tubercles (Figs. lo, 
II, 12 and 13) and, surprisingly enough, show no sign whatever at 
this stage of attracting inflammatory cells of any type (Figs. 14 
and 15). The bacilli commonly follow the cytoplasmic outline of 
the cell with which they are associated and at times are looped 
about the cell nucleus (Fig. 16). However, they appear to be grow- 
ing on the surface of, rather than v/ithin, the c>doplasm. From all 
appearances the cells in which, or on \vhich, the bacilli are growing 
are the ordinary ones which make up the major portion of the 
omental network (Figs. 17 and 18). They show* no deleterious efifect 
from the symbiotic growth. These organisms, because of the ca- 
pacity which they exliibit for grow’th v/ithout the least interference 
from either the cells or body fluids of the animal in wOiich they are 
proliferating, have been termed /rcriy growing bacilli. 

That the microorganisms w'hich have just been described have 
actually proliferated and do not represent merely clumps of bacilli 
from the inoculum is indicated, first, by the fact that no such clumps 
are found in the omentum in the interim betw'een inoculation and 
the 4th day and that all large clumps have disappeared from the 
peritoneal fluid by the end of 24 hours; secondly by the fact that the 
bacilli are in parallel strands just as they grow on culture media, 
while the inoculated bacilli, after phagocytosis by either polymor- 
phonuclears or monocytes, are found helter-skelter in the cell with- 
out any regular arrangement. Thirdly, only a few small colonies of 
freely growing bacilli are found in an occasional omentum at the 
4th day, while, on the 6th day the colonies are larger and more 
numerous and are foimd with uniformity in the omentums of most 
of the animals. Fourthly, the freely growing forms do not appear in 
the omentum of “immunized” or secondarily inoculated guinea 
pigs. Finally, various control inoculations (to be described in detail 
later) made with caseous material, heat-killed badlli, and timothy 
grass bacilli prove that the tubercle bacillus does actually proliferate 
in the animal body at a certain period after inoculation without any 
inflammatory response on the part of the diseased animal. The 
great regularity with which the free proliferation of tubercle bacilli 
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occurs in the body of the normal guinea pig is indicated by the ac- 
companying table. 

Table I 


Normal Guinea Pigs Inoculated with H-^yfroni Glycerine Broth Cultures * 


Days after inoculation , 

I 1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

II 

12 

13-78 

Total No. pigs 
sacrificed 

i 

24 1 

13 

12 I 

IS 

1 

IS j 

26 

18 

1 

18 

14 

II 

i 


12 

103 

No. of pigs positive 
for free bacilli . . 

■ 

■ 

■ 

6 

II 

21 

16 

6 

2 

■ 

I 

1 

0 

No. of pigs negative 
for free bacilli . . 

24 

I 

1 

13 

1 

^ 12 

i 

1 

9 

1 

5 

2 

12 

1 

10 

12 

12 

103 


* Based upon 21 series of guinea pig inoculations. 


As indicated, the freely growing forms were found first after an 
interval of 4 days. Four days is about the length of time required 
for the H-37 strain to establish itself on favorable culture mediums 
and this fact probably explains why freely growing bacilli were not 
found before the 4th day after inoculation. From the 4th day the 
nmnber of animals showing the freely growing bacilli rises to 81 per 
cent at 6 days* and 89 per cent at 7 days, falling off abruptly after 
the 7th day. 

The Use of Caseous Material as Inoculum: Five series of animals 
were inoculated with caseous material obtained from cold abscesses, 
the latter being the result of inoculating guinea pigs subcutaneously 
with H-37. This caseous material can be readily triturated and 
diluted with saline to give a rmiform suspension. The amount of 
inoculum used varied from 10 mg. of caseous material per pig in 

1 series to a maximum of 50 mg. per pig in another series. Smears 
of the inoculum showed only scattered acid-fast bacilli, while in 

2 series the caseous material contained no demonstrable acid-fast 
organisms whatsoever. In every series, however, masses of freely 
growing tubercle bacilli made their appearance, Table II presenting 
the accumulated data from the 5 series. 

* A careful reading of one of Krause’s ^ early papers indicates that he must have 
observed freely growing bacilli in the iliac lymph nodes of guinea pigs after subcutane- 
ous inoculation in the groin. In describing the masses of bacilli which have proliferated 
in these nodes at 6 days Krause says, ''In none of these particular fields did the bacilli 
.appear to lie within the cells. ...” 
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It will be noted from Table II that the freely growing bacilli in 
these series were somewhat more tardy in making their appearance 
than when the inoculum was obtained from broth cultures. When 
they eventually appeared, however, the freely grovnng forms v/ere 
perfectly typical in arrangement (Figs. 19 and 20). 

Table II 

Normal Guinea Pigs Inoculated with Caseous Material obtained from Cold 

A bsccsscs ^ 


Days after inoculation 

1 

i ^ 

3 

B 

! ^ 

B 

B 

B i 
1 1 

1 0 1 


IX ] 

! 

■ ! 

jt3-47 

Total No. of pigs . 
sacrificed 

4 

i 

j 

i 2 

3 


i 

1 

i ^ 

2 

3 

■ 

■ 

1 

I 

T i 

1 

No. of pigs positive 
for free bacilli . . 

0 

1 

G 

1 

1 

2 

3 

1 

0 

_ i 

0 

0 

■ 

i ° 

No. of pigs fre 

for free bacilli . . 

4 

i 

2 ' 

3 

1 

1 

2 

1 

3 

1 

1 

0 

1 

4 

I 

I 

1 

A7 


• Biscd upon 5 series of guinea pig inoculations. 


A single series of animals was inoculated with the bovine strain, 
H-61, and another series with caseous material obtained at the 
autopsy table from a case of generalized tuberculosis in man. In 
both series beautiful examples of freely grotring bacilli were found. 

The Use of Dead Bacilli and of M. Phlci as Inoculum: Three series 
of pigs were inoculated intraperitoneally vrith H-37 Idlled by boiling 
and 1 series with the same organisms Idlled by exposure to direct 
sunlight. In the 4 series 26 guinea pigs were emplo)’^ed. Tubercles 
were formed in the omentums of these guinea pigs and, in the tuber- 
cles, faintly staining acid-fast bacilli were found for as long as 22 days 
after inoculation. Though the inoculums — in each case i mg. per 
pig — contained large clumps of bacilli, in no instance was anything 
foimd in the omentum suggestive of the freely growing form of the 
bacillus. 

In 4 series, utilizing 33 pigs, the timothy grass bacillus, M. phlei, 
was employed as inoculum. The relatively small lipoid content of 
this bacillus, as compared with the pathogenic add-fast strains, has 
been pointed out by Anderson,^ a fact that may explain the early 
disappearance of the inoculated grass bacilli from the omental 
preparations. However, tubercles are formed sooner than after in- 
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oculation with H-37 (Figs. 21 and 22). Acid-fast bacilli can be found 
in these tubercles in large numbers during the first 24 hours, but by 
3 days and thereafter bacilli can no longer be found. The tubercles 
do not progress to caseation. 

II. The Inoculation of Hypersensitive Guinea Pigs and of 

Normal Rabbits 

The results from the inoculation of hypersensitive pigs contrast 
strikingly with those obtained from the normal animals. In 3 series 
the pigs were given a subcutaneous sensitizing dose of H-37 from 
3 to 5 weeks before the secondary intraperitoneal inoculation. As 
far as the exudative reaction in the hypersensitive animal is con- 
cerned our findings again corroborate those of Gardner.^^ The 
initial outpouring of polymorphonuclears is greater than in the 
normal animal. Tubercles form more rapidly, and the omentum, 
within 4 days after the second inoculation, is matted together in a 
dense sausage-shaped mass which cannot be separated without 
tearing the tissues. Within this matted omentum may be found 
accumulations of creamy caseo-pus, while a dense fibrinopurulent 
exudate is frequently found adhering to the surfaces or edges of the 
liver and spleen. If, at daily intervals, smears are made of either the 
pus or the fibrinopurulent exudate they will be seen to contain the 
same large clumps of acid-fast bacilli that were included in the 
original inoculum (Fig. 23), These clumps are closely surrounded 
by polymorphonuclear leukocytes, the cells being literally plastered 
against the edges of the bacillary mass. An occasional cell in the 
smear (either polymorphonuclear or mononuclear) may contain a 
few bacilli, but there is no sign of the breaking up of bacillar}' clumps 
tlirough the phagocytosis which occurs in the normal pig. 

At 10 days tlie clumps are still found, somewhat more rounded or 
oval in shape, vith a ring of pobonorphonuclears still pressing 
tightly against the bacilli (Figs. 24, 25 and 26). The latter appear 
to have undergone partial lysis, no longer staining as sharply as in 
the early days after inoculation. Thus, in the Inpersensitive guinea 
pig the clumps of bacilli which may be included in the inoculum are 
not broken up by phagocytosis, as they are in the normal animal. 
Furthermore, at no time in the h}'persensitive animals is the phe- 
nomenon of free proliferation of the inoculated tubercle bacilli ob- 
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served. In none of the 31 animals used in the 3 series was there any 
suggestion of that free growth of tubercle bacilli which occurs in the 
normal guinea pig. 

Since the normal rabbit has a high degree of natural resistance to 
infection v/ith the human tj^pe of tubercle bacillus, it v;as decided to 
inoculate some of these animals. Accordingly, a small group, 9 rab- 
bits in all, was inoculated intraperitoneally vnth H-37 on the same 
basis as the guinea pigs, namely, o.i mg. of bacilli per 100 gm. of 
body weight. None of the inoculated rabbits shov;ed at any time 
any free growth of tubercle bacilli. 

III. The Falc of the Freely Growing Bacilli 

Up to 6 days after inoculation the freely growing bacilli shov; no 
evidence of attracting phagoc^’tic cells (Figs, 10 to 18), although by 
the 7th day they usually begin to exert a chemotactic influence upon 
the polymorphonuclear leukocytes. Frequently in a single omental 
preparation at this stage one finds a few phagocj^tic cells hovering 
about at a little distance from the bacilli (Figs. 27 and 28), v/hile 
another colony of bacilli may have a pol>miorphonuclear directly 
applied to it (Fig. 29). Still another colony may be completely 
broken up by the invasion of pol>Tnorphonuclear leukocytes (Figs. 30 
and 31). The bacilli at this period shov/ a marked degree of beading 
(Fig. 32). 

At 7 days, then, the omentum of a single animal may show con- 
siderable variation in the status of the masses of freely growing 
bacilli, though by the 8th day the freely grov/ing forms have disap- 
peared in the majority of the animals. In their place we find evi- 
dence of the formation of a secondarj'^ series of tubercles, and by 
9 days this phenomenon is w'ell established. At this time the omental 
preparations show tvro definite vintages, so to speak, of tubercles — 
large ones which have formed about the original bacilli of the in- 
oculum, and minute ones which are in the process of forming about 
the once freely growing bacilli (Fig. 33), It is frequently impossible 
to make out the badUary content of the large tubercles at this stage, 
even when they are teased apart, while in the minute tubercles 
bacilli are clearly visible (Fig. 34). 

During the period from 10 to 14 days after inoculation one gains 
the impression that the number of acid-fast bacilli is definitely less, 
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occasional preparations showing beaded, non-acid-fast forms. Acid- 
fast bacilli, if found at this stage, are frequently bizarre in shape, as 
shown in Figure 35. At much later stages the omentum still shows 
acid-fast bacilli which are irregular in length and in staining reaction 
(Fig. 36). Some of these bacilli appear to lie free on the surface of 
cells, but there are no freely grooving colonies such as characterize 
the 4 to 7 day interval. Any phagocytosis at this stage is apparently 
by cells of the mononuclear series (Fig. 36). 

Discussion 

From the data presented it is evident that tubercle bacilli of the 
H-37 strain, after intraperitoneal inoculation in the normal guinea 
pig, pass through certain definite changes, as far as their chemo- 
tactic relation to cells of the host animal is concerned. The inocu- 
lated bacilli attract and are taken up by polymorphonuclear leuko- 
cytes, which then either move to the perivascular tissues or milk 
spots, or are phagocytosed in turn by large mononuclear cells. At 
4 to 6 days the freely growing forms appear and show no sign of 
chemotactic influence until the 7th day, when they again attract 
the polymorphonuclear cells. It seems probable that this variable 
picture, as regards chemotaxis, is due to one of two things — either 
to changes that occur in the cells and (or) fluids of the infected 
animal, or to changes that occur in the biochemistry of the inocu- 
lated microorganisms. In favor of the former hypothesis is the fact 
that hypersensitiveness, as indicated by a positive tuberculin re- 
action, appears within 6 to 12 days after experimental inoculation 
of the guinea pig with tubercle bacilh.^^ To determine whether there 
is any correlation between the appearance of a positive tuberculin 
reaction and the disappearance of freely growing bacilli in a given 
animal, a small series of pigs was tested by the Mantoux method. 
In this small series there was no absolute correlation observable, the 
freely growing bacilh having usually disappeared several days be- 
fore the appearance of a positive tuberculin reaction. It was noted, 
however, that whenever the tubercuhn test did become positive in 
an animal there was no longer any sign of freely growing bacilli in 
that animal’s omentum. 

In favor of the hypothesis that some change in the biochemistry 
of the bacillus is responsible for the chemotactic cycle is the abrupt 
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falling off in the percentage of animals positive for freely growing 
bacilli. 

As indicated in the curve below, the proportion of animals show- 
ing the freely growing forms falls from 89 per cent at 7 days to 9 per 
cent at 10 days, a rather more abrupt drop than one would expect if 
the decrease were due merely to the gradual development of hyper- 
sensitiveness in the animals during the inter\’-al from 6 to 12 days. 
The abrupt appearance of freely growing bacilli at 4 days we have 
attributed to the latent period required for the H-37 strain to adjust 
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itself to culture mediums of any t>^e. Possibly the abrupt disap- 
pearance of these freely growing forms is again dependent upon 
some change in the characteristics of the bacilli themselves. Kahn 
has demonstrated in beautiful manner that the H-37 strain of M. 
kiberculosis may pass through a complicated pleomorphic cycle when 
grown on certain culture mediums. The marked beading of the 
freely growing bacilli (Figs. 29, 30 and 32) is suggestive of the zoning 
within certain bacilli, which Kahn describes as occurring in bis 
microdroplet cultures, or of the granules to which Gr6h attaches 
such significance. 

It is impossible, at the present time, to decide definitely whether 
the abrupt reappearance of positive chemotaxis and the concom- 
itant disappearance of the freely grooving bacilli is due to the de- 
velopment of immune bodies in the infected animal or to changes in 
the badllus itself, or to both. It seems certain, however, from our 
experience with the 31 secondarily inoculated animals, that the 
phase of free growth does not occur at all in an animal once it has 
been rendered hypersensitive. Thus, whatever else it may mean, 
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the positive tuberculin reaction in a guinea pig indicates that that 
animal is no longer susceptible to the type of free, unencumbered 
growth of tubercle bacilli, which takes place with uniformity in the 
normal animal. 

Since we have noted that the freely growing baciUi disappear 
before the tuberculin test becomes positive, it seems possible, if not 
probable, that some reaction more delicate than the tuberculin test, 
which will indicate this changed condition of the animal, may be 
discovered. A further basis for this hypothesis is to be found in our 
results with the series of normal rabbits which failed to show free 
growth of the inoculated tubercle bacilli at any time. The normal 
rabbit does not, of course, exhibit a positive tuberculin reaction. It 
is interesting to speculate upon the possibility that the natural re- 
sistance of rabbits to infection with the human type of M. tubercu- 
losis is related in some way to this failure of the free growth of the 
inoculated bacilli. 

In the occurrence of the free growth of tubercle bacilli within the 
body of the normal guinea pig and the failure of that type of growth 
to occur in the hypersensitive animal we find the refutation of those 
workers who maintain that the difference between the reactions of 
the two types of animals is merely quantitative.^'^ To be sure, the 
inflammatory reaction in the h5q)ersensitive animal is Quantitatively 
greater at the outset, but this reaction is maintained, instead of 
clearing up completely, as in the normal pig. This difference seems 
to us qualitative in nature, particularly when viewed in the light of 
the different effect upon the growth of the tubercle bacillus duruig 
the first week after inoculation. Rich,^® in arguing against the acute 
inflammatory reaction of the allergic animal as a factor in “local- 
ization ” of injected bacilli says : “ Certainly, we ourselves have never 
been able to discover any difference between the number of stainable 
bacilli at the site of inoculation into the skins of normal and immune 
animals during the first few days after the inoculation; and after 
that, the number of bacilli in the area in the normal animals sur- 
passes that in the immune animals — quite the reverse of what one 
would expect to find if the bacilli were quickly dramed from the site 
in the normal animals, and actually held there bodily for days in the 
immime animals.” Though the given data, particularly with regard 
to time intervals, are incomplete, it is our impression that Rich, in 
finding an increased number of organisms in his normal guinea pigs 
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after several days, was dealing with freely growing forms of the 
tubercle bacillus. In a scries of normal animals which we inocu- 
lated subcutaneously, evidence was obtained that the free growth of 
tubercle bacilli occurs 6 or 7 days after subcutaneous inoculation, 
as well as after the intraperitoneal route of infection.* 

An impression which inevitably follows working with omental 
preparations from several hundred infected guinea pigs is that one 
must have a very definite respect for the function of the polymor- 
phonuclear leukocyte in the immune processes of tuberculosis. The 
polymorphonuclear has fallen into low esteem in this disease due, in 
part, to the well knowm fact that the opsonic index is lov/er in the 
animal rendered hypersensitive to tuberailosis than in the normal 
animal. To Zinsser , it is perfectly plain at the present time 
that polymorphonuclear phagocytosis has no protective value in 
tubercle bacillus infection. Indeed the tubercle bacilli are carried 
by the polynuclears throughout the body and any intra-cellular 
destruction that takes place is the function of clasmatocytes and 
^ant cells.” 

While it is undoubtedly true that tubercle bacilli arc disseminated 
by the polymorphonuclear leukocj'-tes following a primary infection, 
it is also evident that the bacilli grow at a certain period in perfect 
symbiosis with the omental cells — cells of the connective tissue 
series which are, presumably, closely related to the clasmatocytes. 
Furthermore, it is the polymorphonuclears that first attack and 
break up the freely growing bacilli and initiate the process of re- 
newed tubercle formation. Also, it is the polymorphonuclears that 
we find, in the hypersensitive pigs, plastered about the clumps of 
inoculated bacilli — not phagocytosing them but preventing the 
clump from breaking up, helping to localize the bacilli, as Krause 
and Willis have shown and, we surmise, helping to prevent the 
free growth which occurs in the normal animal. This reaction of the 
polymorphonuclear cells in the hypersensitive animal is perfectly 
compatible "mth the existence of a low opsonic index, the low index, 
in fact, being an indication of the new function of the polymorpho- 
nuclear leukocyte in these animals, in which as Krause says, “An 
almost immediate inflammatory outpouring hems in the bacilli more 

* The possibility that these freely growing bacilli may represent an R dissociant has 
been considered, though no actual experimental work bearing on this point has been 
performed. 
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or less effectively and thus delays or prevents their spread which is 
so facile and rapid in the non-tuberculous, non-allergic animal.” 

We can agree with Rich’s^® conception of the local fixation of 
baciUi as a phenomenon “separate and dissociable” from allergy. 
At the same time, however, we believe that the polymorphonuclear 
leukocyte plays an important role in determining whether or not 
inoculated tubercle bacilli may grow freely for a certain period in 
the body of the host, and that this cell, therefore, is a factor which 
must be given due consideration in any discussion of immunity in 
tuberculosis. 


Summary 

1. After intraperitoneal inoculation in the guinea pig the H-37 
strain of tubercle bacillus is first subject to phagocytosis by poly- 
morphonuclear leukocytes. Then certain of the bacilli grow freely 
for a period on, or in, the cells of the omentum without exhibiting 
any chemotactic influence. At the end of this period the baciUi 
again attract polymorphonuclear leukocytes. 

2. In guinea pigs that have been rendered hypersensitive to 
tuberculosis, and in normal rabbits, free growth of inoculated tuber- 
cle baciUi does not occur. 

3. The relation of free growth and of polymorphonuclear phago- 
cytosis to resistance in tuberculosis is discussed. 
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Pj*/\TE 162 

Fig. I. One of the large clumps of tubercle bacilli v,-hich characterized inocu- 
lum employed in most of the experiments. Photomicrograph taken with 
blue light. X 1500. 

Fig. 2. Numerous polymorphonuclears in omental spread. Tv/o hours after 
inoculation. Ivlost of the cells have phagoc>’tosed tubercle bacilli. Blue 
light. X 330. 

Fig. 3. Pol>Tnorphonuclcar ccUs w’ith phagocytosed badlli. From omental 
spread made 4 hours after inoculation. Blue light, x 1500, 

Fig. 4, Large mononuclear cell showing phagocytosis of polymorphonuclears 
which had taken up bacilli. Found in smear of peritoneal fluid 24 hours 
after inoculation. Blue light, x 1500. 

Fig, 5. Cell from same preparation as Fig. 4, Blue Hght. x 1500. 

Fig. 6, Cell of mononuclear series which has phagocj'tosed bacilli directly. 
From omental spread made 48 hours after inoculation. Blue light, x 1800. 
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Fig. 7. The dark areas in tlie pliotograph aie masses of [>olymorplionuclcar 
leukocytes which have migrated to the ptriva.scular fat tFsue. J’rom omen- 
tal spread made 24 hours after inoculation. White light, x .^5. 

Fig. 8. Omental spread made 3 days after inoculation. Large mononuclear 
cells replace the polymorphonuclcars and almost completely obliterate the 
perivascular fat cells, .\rro\v points to a circle of cells formed as the result 
of the localiziition of a bubble of air introduced at time of intnipcritoncal 
inoculation. White light, x 25. 

Fig. q. Omental spread 4 days after inoculation showing clump of large mono- 
nuclear cells. 'I'hese cells seem to proliferate locally, by amitotic division, 
to form miliary tubercles. Blue light, x 600. 

Fig. 10. More advanced stage of miliary tubercle formation, with freely groov- 
ing bacilli on cell outlined in rectangle. Omental spread made 4 days after 
inoculation. Blue light. X 165. 

Fig. ir. Higher magnification of cell outlined in Fig. 10. Freely growing 
bacilli are clearly shown. Blue light, x 1500. 
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Plate 164 

Pig. 12. Freely growing bacilli, in lower right hand corner, at some distance 
from a developing tubercle. Omental spread made 6 days after inoculation. 
Blue light. X .5.?o. 

Fig. 13. Same tubercle and bacilli as shown in Fig. 12. Photomicrograph taken 
with green light to bring out the clastic network which characterizes the 
guinea pig’s omentum. Green light, x 300. 

F'ig. 14. Numerous colonies of freely growing bacilli on omental cells 6 days 
after inoculation. Blue light, x 600. 
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Fig. 15. Freely growing bacilli on omental cells 6 days after inoculation. Blue 
light. X 1500. 

Fig. 16. Freely growing bacilli on omental cell 6 days after inoculation. I’rc- 
quently the bacilli curv'C about the cell nucleus as shown. Blue light. 
X iSoo. 

Fig. 17. Freely growing bacilli on omental cells 6 da\'s after inoculation. To 
all appearances the affected cells arc no different from the surrounding 
cells. Blue light, x 350. 

Fig. 18. Higher magnification of cells outlined in Fig. 17, Blue light, x iSoo. 

Fig. IQ. Freely growing bacilli at some distance from a large tubercle formed 
7 days after inoculation with caseous material. Tubercle formation was 
more rapid in this series than after inoculation of II-37 from culture. 
Blue light. X 165. 

Fig. 20. Higher magnification of bacilli outlined in Fig. 19. Blue light. X1500. 
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Fig. 21. Tubercles in omental spread made 48 hours after inoculation v.dth 
timothy grass bacilli. Tubercle formation in this series, too, proceeded 
more rapidly than after H-37 inoculation. White light, x 165. 

Fig. 22. Tubercle 6 days after inoculation with timothy grass bacilli. Wiiite 
light. X 165. 

Fig. 23. Omentum of hypersensitive guinea pig 48 hours after inoculation. A 
clump of bacilli from the original inoculum still c.xisls. Blue light, x 330. 

Fig. 24. Smear of caseo-pus found encapsulated in omentum of hypersensitive 
guinea pig 10 days after inoculation. The smear showed numerous clumps 
of bacilli closely surrounded by polymorphonuclear cells. Blue light. 
X330. 

Fig. 25. Same clump of bacilli as shown in I'ig. 24. Photomicrograph taken 
withw’hite light to bring out the polymorphonuclears. White light, x 1500. 

Fig. 26. Same bacilli as in Fig. 25. Photomicrograph taken with blue light. 
X 1500. 
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Fig. 27. Freely growing bacilli v. ith adjacent, polyinorplionuclcar cells. Omen- 
tal spread made 7 days after inoculation. Flue light, x 1500. 

Fig. 28. I'recly growing bacilli with adjacent ]>olymori)honuclear cells. Seven 
days after inoculation. Blue light, x 1500. 

Fig. 2q. Freely growing bacilli 7 days after inoculation. A polymorphonuclear 
leukocyte has applied itself to right hand edge of the colony. Blue light. 
X 1 500. 

Fig. 30. Colony of freely growing bacilli being invaded and broken up by poly- 
morphonuclear leukocytes. Omental sprcxid made 7 days after inoculation. 
Blue light. X 1500. 

Fig. 31. Same group of bacilli as shown in Fig. 30. Photomicrograph taken 
with white light to bring out polymorphonuclciirs. White light, x 1500. 
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Fig. 32. Siiowing markcrl beading of the freely growing bacilli, 7 days after 
inoculation. Blue light. X1500. 

Fig. 33. Two “vintages” of tubercles commonly found in omentum 0 days 
after inoculation. White light, x 165. 

Fig. 34. Higher magnification of small tubercle shown in upper corner of 
Fig. 33. Blue light. X1500. 

Fig. 35. Tubercle bacilli of bizarre shape. From omental spread made i r days 
after inoculation. Blue light, x 1500. 

Fig. 36. Bacilli in omental spread made 37 days after inoculation. Blue light. 
X 1800. 
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SYPHILITIC ANEURYSM OF LEFT CORONARY ARTERY WITH 

CONCURRENT ANEURYSM OF A SINUS OF VALSALVA, AND 
AN ADDITIONAL CASE OF VALSALVA ANEURYSM ALONE * 

George A. C. Snyder, B.A., and Warren C. Hunter, M.D. 

{From the Department of Pathology, University of Oregon Medical School, 

Portland, Oregon) 

Coronary Artery Aneurysms 

The rarity of such aneurysms, exclusive of the false or dissecting 
forms and those associated with periarteritis nodosa, is stressed by 
Karsner ^ and further attested by the few reports in the hterature. 
Packard and Wechsler,^ 1929, in their classical survey, could find 
only 30 examples, the first of which was recorded by Bougon ^ in 
1812. Packard and Wechsler have thoroughly reviewed all reports 
of this condition, checked duplications and culled out questionable 
examples, so that we need only to cover the literature since 1929 and 
summarize briefly the salient facts elicited by these authors. They 
placed coronary aneurysms in two etiological groups: (i) mycotic- 
embolic, associated with bacterial endocarditis involving the aortic 
valve; and (2) arteriosclerotic, related to coronary sclerosis and long 
continued hypertension. The average age of the first group was 
27 years, as compared with 57 years for the latter. There is no men- 
tion of syphilitic coronary arteritis as a cause of aneurysm of these 
vessels and mesaortitis was present in only 3 of the 30 collected 
cases. Rarely, indirect trauma due to strain may have been an 
etiological factor, but direct injury had an insignificant role, ap- 
parently on account of the protected anatomical site of the coronary 
vessels. In nearly all cases the aneurysms were single and located 
within the fijst inch of the left coronary artery, which was involved 
about three times as frequently as the right. In 4 hearts both coro- 
naries were attacked. About 50 per cent of the aneurysms ruptured. 
There were no pathognomonic symptoms or signs that permitted an 
ante mortem diagnosis of the condition. 

Cox and Christie,^ i93o> described a fusiform aneurysm 2.5 by 
4.5 cm. involving the right coronary artery. This was associated 

* Received for publication May 12, 1934. 
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with cardiac hypertrophy (500 gm.), old and organized thrombosis 
of the anterior interventricular branch of the left coronaiy' artery, 
myocardial fibrosis and aneurysm of tlie abdominal aorta and of the 
right common iliac arter3^ Microscopic study of the aorta revealed 
only marked arteriosclerosis. Apparently no histological study v;as 
made of the coronary aneurysm. The lesion occurred in a %vhite 
male 65 years old witli a long history of vascular hypertension and 
of a paralytic “stroke.” 

Vogelsang,'^ 1930, reported an aneurysm 6 by 5.5 by 4.5 cm. in- 
volving the anterior interventricular branch of the left coronary 
artery and situated in the anterior wall of the left ventricle. There 
were also gummatous myocarditis, syphilitic aortitis and gummatous 
pneumonitis. Distal to the aneurysm the artery was thrombosed. 
He included no microscopic description of the aneuiy^sm, but ex- 
pressed the opinion that in view of the gross and microscopic lesions 
elsewhere the aneurysm was probably also of sj'philitic origin, and 
that the tramna of a 9 foot fall which the man, a 38 year old sea- 
farer, sustained 4 months prior to his sudden death, might have been 
an etiological factor. 

Halpert,® 1930, described an arteriovenous communication be- 
tween the right coronary artery and the coronary sinus, with 
aneurysmal dilatation of both, in a man 54 years of age who showed 
no cardiac disturbances during life and died of gastric carcinoma. 
From gross and microscopic investigation he concluded that the 
lesion probably was congenital. 

Thus, to date (May 1934), 33 acceptable cases of coronary aneu- 
rysm have been recorded, and to this total we desire to add another, 
the only one of its kind among 5896 autopsies performed by the 
pathology department of the University of Oregon Medical School. 

Aneurysm or the Aortic Sinuses or Valsalva 

This is another uncommon site of aneurysm formation, but is less 
rare than in the coronary arteries. The comparative rarity of such 
lesions, together with the complications peculiar to their anatomical 
location, warrant the recording of further instances. In our autopsy 
material 2 cases have been encountered, one complicated by aneu- 
rysm of the left coronary artery, the other occurring in conjimction 
with syphilitic aortitis. 
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Valsalva aneurysms of congenital,^ syphilitic,®’ arterioscle- 
rotic,® mycotic,®’ and indeterminate etiology have been de- 
scribed as have dissecting or false aneurysms. Often these rupture, 
usually into the pericardial sac, the chambers of the heart or into the 
great vessels, but may burst externally after eroding the chest wall, 
as in the case of Sheldon,^® in which the pericardial sac had been 
obliterated by fibrous adhesions, presumably incident to rheumatic 
disease. Without rupturing, these aneurysms may burrow into the 
myocardium of the atria, ventricles or interventricular septum and 
in this way produce stenosis or insufficiency of one or more valves. 
Another comphcation, present in one of our cases, is heart block 
from encroachment upon the atrioventricular bundle, while still 
another, exemplified by our Case i, is extension of the aortic disease 
to an adjacent coronary artery with the formation of an aneurysm 
in this vessel as well. 

Most frequently the anterior, sinus is involved, due, according to 
von Krzywicki,® to its unsupported position superior and somewhat 
anterior to the membranous interventricular septum. Gray con- 
siders that the regurgitation of blood, directed chiefly against the 
anterior aortic wall, is a factor also. 

The actual incidence of Valsalva sinus aneurysms is difficult to 
ascertain since most authors who have made statistical studies have 
not only failed to distinguish between true and dissecting aneurysms, 
but in addition have not made clear as to whether or not their figures 
are based only upon adequately described and complete autopsies. 
In many compilations the location of the aortic aneurysms is given 
only within wide anatomical limits. It is probable that some Val- 
salva aneurysms have been included with those of the ascending 
aorta and it is possible that others are buried in reports with mis- 
leading titles. 

In order to obtain figures of incidence of various aortic aneu- 
rysms in a series of autopsies we have reviewed all of our records and 
have disregarded 605 protocols because the examinations were in- 
complete, or the description of the aorta was unsatisfactory. Among 
these were 13 cases in which one or more sacculations were present. 
Among the remaining 5896 autopsies 143 individuals had 214 true 
aneurysms of the aorta distributed anatomically as follows: 
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No. Pcf ee.ot 

Sinuses of Valsalva 2 0.93 

Ascending aorta 102 47.66 

Ascending aorta and transverse arch . ir 5.14 

Transverse arch 35 16.35 

Arch and thoracic . r 0.47 

Ascending, arch and thoracic 3 1.40 

Thoracic 43 20.10 

Abdominal 17 7‘94 


In 20 persons there were 26 dissecting aneurysms v/hich arc not in- 
cluded in the tabulation. Among those listed were 6 cases of con- 
comitant true and dissecting aneurysm, but tiie latter have been 
omitted from the compilation. In the tabulated group the probable 
etiology was: syphilitic 87.8 per cent, arteriosclerotic 10.3 per cent, 
mycotic-embolic 1,4 per cent and rheumatic 0.47 per cent. These 
figures agree fairly well with those of Brindley and Schwab,*^ but in 
our series syphilis seems to be a somewhat more prominent eti- 
ological factor, possibly because only true aneurj-sms are included. 

We have made no exhaustive survey of the literature dealing witli 
aneurysms of the sinuses of Valsalva but 3vish to call attention to 
the statistics of Smith and of Lucke and Rea who found 10 
cases among 287 aortic aneurysms in 12,000 autopsies collected from 
various sources. 


Case Reports 

Case i. SyphilHic Aneurysm of the Left Coronary Artery TuUh Concurrent 
Aneurysm of Sinus of Valsalva: The clinical history and autopsy record were 
not available. 


Postmortem Examinatim 

The heart and 6 cm. of the ascending aorta had an aggregate 
weight of 595 gm. The intima of the ascending aorta was wrinkled, 
roughened, pearly gray to whitish and mottled by irregular yellow- 
ish areas. The wall was irregularly thickened, of cartilaguious 
consistence and in a state of saccular aneurysmal dilatation. The 
epicardium and endocardium were grossly unchanged. The left 
ventricle was greatly hypertrophied and dilated. The trabeculae 
cameae and papillary muscles were much enlarged, elongated and 
flattened. The mitral leaflets were unchanged. The aortic leaflets 
felt gristly and had thickened, roUed, rounded edges. The aortic 
ring had a circumference of 8.5 cm. The left atrial wall was 3 to 4 
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mm. thick across the pectinate muscles^ but between them was al- 
most transparent. There were two right coronary ostia, situated 
2 mm. apart. The smaller was less than i mm. in diameter and led to 
a vessel coursing over the conus arteriosus. The orifice of the main 
artery was slit-like and measured i by 3 mm. Both ostia opened 

1. 1 cm. superior to the upper border of the anterior aortic leaflet. 
Serial cross-sections of the artery revealed some eccentric thickening 
of its wall by atherosclerotic plaques which did not close the lumen. 

In the left posterior aortic sinus was an aneurysm having a cres- 
centic opening measuring 0.7 by 1.8 cm. Within the anterior wall of 
the left ventricle this aneurysm expanded, attained dimensions of 

3.1 by 3.4 by 2.4 cm. and became filled by a laminated tlirombus. 
Anteriorly and to the right the sac bulged into the right ventricle 
directly below the posterior leaflet of the pulmonic valve, elevating 
it somewhat, and producing a triangular stenosis of the valve. The 
base of the triangle was formed by the bulging aneurysm wall and 
the opening of the valve was reduced to about half its normal size. 
The lining of the aneurysm resembled that of the aorta. The inferior 
wall of the sac was formed by the left ventricular myocardium and 
did not encroach upon the membranous part of the inter\'entricular 
septum, but lay somewhat anterior to it. The sac also bulged into 
the left atrium beneath the anterior leaflet of the mitral valve, ele- 
vating it to some extent and producing a slight degree of stenosis. 
The right ventricle was markedly dilated and its wall was consider- 
ably hypertropliied. 

The left coronary artery and the Valsalva aneur3'sm v.'ere exam- 
ined by gross serial cuts, as shown in Figure 3. The left coronary 
ostium (Fig. 3 a) lay 0.7 cm. above Uie tip of the left posterior aortic 
leaflet, was oval, measured 3 by $ uun- and had its long diameter in 
the superior-inferior direction. It w’as surrounded by pearly white, 
wrinkled and greatly tliickcned aortic intima. Within 5 mm. of its 
origin (Fig, 3B) the main trunk enlarged to an outside diameter of 

2.1 by 0.9 cm. Adherent to tlic rigid intima was a film of dry, black- 
ish blood clot and even at tin's point tlie inferior half of the lumen 
w^as occluded by a laminated browmish gray thrombus. The vessel 
wall w’as from i to 3 mm. tlfick and fused with tlie aortic wall. Six 
mm. distal to the point just described (Fig. 3c) a marked change 
occurred. The coronar>^ artery was nov.' 2.3 cm. in one diameter and 
2 to 4 mm. in tlie other. The wall had a thickness of i to 2 mm. a.nd 



762 


SNTOEU AND HUNTER 


over the superior pari the lining was coated with blackish blood. 
Interiorly the vessel came to a sharp point and here the thrombus 
observed in the previous block plugged the lumen. In tlie middle of 
this segment was the ostium of the circumfle,x branch of the left 
coronary artery, also occluded by the thrombus. It must be under- 
stood, then, that the dimensions given above represent not only the 
main coronary artery but also the beginning of its circumflex branch, 
and because tliis was cut tangentially the low'cr part of its lumen 
appeared pointed. On the right side of the coronary arterj' lay the 
Valsalva aneurysm containing a laminated thrombus, most of which 
dropped out in the process of sectioning, d'he coronaiw’’ artery and 
the Valsalva aneurysm were separated by a hard and fibrous ivall 
only 2 mm. thick. Four mm. distally (Fig. 3D), measuring along the 
coronary artery, w'as the beginning of the anterior interventricular 
branch. The main left vessel was still rather larger than normal, 
with an external diameter of i.i by 0.7 cm., but had decreased ap- 
preciably from its size in the preceding block. Its lumen had an 
.undulating outline and the intima was covered by a thin, blackish 
film. The common wall dividing the artery and the Valsalva aneu- 
rysm appeared wholly fibrous and W'as 2 to 3 mm. thick. At this 
point the Valsalva sac measured 2.3 cm. in its transverse diameter, 
3.4 cm. in the supero-inferior direction and had a w'avy and w’hitish 
border. In the myocardium of the left ventricle forming the lower 
border of the aneurysm were many engorged capillaries within a 
whitish scar. In this block the circumflex artery had fully emerged 
as an independent vessel and exhibited nothing abnormal. The 
thrombus occluding the beginning of this vessel did not continue 
further along its course. The myocardium under the coronary aneu- 
rysm was only 6 mm. thick. The anterior interventricular branch, 

5 mm. distal to the point previously described (Fig. 3E), was shaped 
like a bowling pin, with maximum external diameters of 1.2 and 
0.6 cm. Its lumen was entirely closed by a dry, blackish clot. The 
same common wall, still 2 mm. in thickness, separated the vessel 
and the Valsalva aneurysm, which now measured 3.5 by 2.5 cm. 
The latter had become more superficial and was underlaid by i.i cm. 
of myocardium. The myocardial scar mentioned above continued 
into this block. The outside dim ensions of the coronary artery were 
now 7 and 9 mm. In the next block (Fig. 3 f), having a thickness of 
5 mm., the Valsalva aneurysm had practically left the myocardium 
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and had come to lie chiefly in the subepicardial fat. Its dimensions 
were decreasing, being 3 by 2 cm. The wall of the sac and the 
thrombus contained within it were identical with previously men- 
tioned blocks. The myocardial scar, however, had practically disap- 
peared. The coronary artery and the Valsalva aneurysm continued 
to share a common wall and the thrombus occluding the lumen of 
the artery in more proximal blocks was still present. The external 
diameters of the vessel were the same as in the preceding block al- 
though the contour was different. Within the next 5 mm. (Fig. 30) 
the Valsalva aneurysm had fully emerged from the myocardium, 
lay wholly in the subepicardial fat and decreased in size to 2.3 by 
1.8 cm. The walls of the anterior interventricular artery and the 
aortic sinus aneurysm were stiU in apposition but no longer fused 
into one. The thrombus mentioned previously continued and the 
coronary artery measured 5 by 7 mm. Three mm. distally (Fig. 3H), 
the Valsalva aneurysm terminated blindly in the subepicardial fat, 

4 mm. beneath the epicardium, and had not ruptured. The relations 
of the two aneurysms are shown clearly in the wax reconstruction 
(Fig. 2). 

Microscopic Examination 

Microscopically the clots filling the Valsalva sacculation and the 
aneurysm of the left coronary artery prove to be typical laminated 
thrombi exhibiting some softening but no organization. 

The wall of the Valsalva aneurysm consists almost entirely of 
hyalinized fibrous connective tissue in which the Van Gieson and 
Verhoeff stains display persisting remnants of both smooth muscle 
cells and elastic tissue. Numerous partially or completely obliter- 
ated vasa vasorum are collared by abundant plasma cells and lym- 
■phocytes. The medial and inthnal divisions are not clearly distin- 
guishable on account of the great distortion and fibrosis, while in 
the inner part of the wall there are extensive atherosclerotic changes 
and calcification. The common wall separating the Valsalva and 
3,rtery aneurysms is made up of hyahmzed fibrous tissue 
and granulation tissue containing fragments of elastic and smooth 
muscle tissue. Here also are small vessels showing obliterative 
changes and perivascular cuffs of lymphocytes and plasma cells. It 
appears obvious that this common waU represents a fusion of the 
walls of the aneurysmal aortic sinus and the left coronary artery. 
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The left coronary artery wall exhibits changes identical with those 
just described for the Valsalva ancurj^sm and these are depicted in 
Figure 4. The myocardium subjacent to the aortic sinus aneurysm 
gives histological evidence of pressure atrophy, hyaline degenera- 
tion, interstitial fibrosis and contains numerous small and engorged 
blood vessels. Other sections of the myocardium reveal a distinct 
hypertrophy of the muscle cells with deposits of lipochrome pigment 
at either end of the nuclei, slight patchy interstitial fibrous connec- 
tive tissue increase and multiple small areas of anemic necrosis in 
blocks coming from tlie anterior wall of the left ventricle. The 
intima of the ascending aorta is the seat of tj'ijical atherosclerosis 
with calcification, while the media displays extensive destruction 
of smooth muscle and elastic tissue. The vasa vasonira of both 
media and adventitia are greatly narrowed or obliterated by endo- 
thelial proliferation and intimal fibrosis and are collared by plasma 
cells and lymphocytes. Some of these accumulations show early 
necrosis and are regarded as actual miliary gummas. 

Case 2. Syphililic Ancnrynn of Aortic Valsalva Sinus: The patient, a white 
male, 60 years old, spoke and understood so little English that an adequate his- 
tory was unobtainable. He had been working “in the woods,” presumably at 
logging, until about the first of November, 1932, when he became short of 
breath, progressing to orthopnea within 2 months. About tlie first of January, 
1933) there developed a continuous, dull, distressing pain in the epigastrium 
and right upper abdomen. Swelling of the ankles appeared about a month later. 
He was weak, “nervous,” could not sleep, and had been confined to bed most of 
the time since the appearance of the edema. Occasionally he had noted sub- 
stemal distress and tinnitus. He was admitted, walking, to ^lultnomah County 
Hospital on Feb. 21, 1933. 

On admission the temperature was 95 F, pulse 88, respiration 24 and the 
blood pressure 160/35. Physical examination revealed slight pallor and cya- 
nosis of the finger nails, but no demonstrable capillary pulse. The retinal blood 
vessels pidsated and the optic discs appeared hazy. The neck vessels pulsated 
markedly with systole. The chest was slightly emphysematous. The cardiac 
impulse was diffuse and heaving. There was slight impairment to percussion 
between the right scapula and the spine, with bronchovesicular breathing and a 
to-and-fro murmur. Elsewhere the lung fields seemed normal. To percussion 
the heart was of the “aortic” configuration, the arch 6 cm, wide, and the left 
and right borders respectively 14 and 6 cm. from the midstemal line. A loud 
to-and-fro murmur was audible over all valve areas, loudest at the aortic and 
mitral areas and transmitted to the axilla and through to the back. No , distinct 
valve tones could be heard. The peripheral vessels were thick-walled and pul- 
sated forcibly. The abdomen was distended. The liver border was 6 cm. below 
the costal margin and was felt also in the epigastrium. The legs were very 
edematous. 
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The urine was negative. Except for a sedimentation rate of 13 mm. in 15 
minutes and 37 mm. at the end of 45 min utes (modified Westergren method), 
and 4 plus Kolmer and Kahn reactions, examination of the blood yielded results 
within normal limits. 

An electrocardiogram taken on the day of admission showed the auricular 
and ventricular rates to be each 71. Ti was inverted, Ri slurred, Q-S prolonged 
and the P-R interval prolonged to 0.27 second. T2 was inverted, Rj slurred, and 
P-R prolonged. R3 was slurred and notched, P3 and T3 were questionably di- 
phasic and R3 of low amplitude. The interpretation was: “Delayed A-V con- 
duction, coronaiy type T-waves, myocardial damage.” 

Under a regimen of bed rest, digitalis, sedatives, bismuth and iodides, the 
patient improved and 3 days later the peripheral edema was gone. On Febru- 
ary 27th a roentgenogram of the chest showed increased hilum shadows, pleural 
thickening on the right, with obliteration of the costophrenic angle, and a 
greatly enlarged cardiac shadow with a blunt apex and a somewhat widened and 
sclerotic arch. 

By March 2nd there was no dyspnea or cyanosis. The man’s condition re- 
mained unchanged until April isth, when he had diarrhea and abdominal dis- 
tress. Six days later he suddenly became cyanotic and died. 

The final clinical diagnoses were: (i) Aortic regurgitation on the basis of 
syphilitic destruction of the aortic ring; syphilitic aortitis; hypertrophy and 
dilatation of the right and left heart with cardiac failure, functional capacity 
II-B, and peripheral edema. (2) Mild chronic hypertrophic emphysema. 

Postmortem Examination 

No. 163-4-33. Examination of the abdomen revealed slight 
ascites, a non-specific diphtheritic, hemorrhagic and ulcerative 
enterocolitis and proctitis, and chronic passive hyperemia of the 
liver with acute periportal hepatitis, and chronic passive congestion 
of the spleen and kidneys. 

The left pleural cavity contained about 3 liters of clear fluid, 
which compressed the lung inferiorly and posteriorly. The right 
lung was bound to the chest wall by dense adhesions at its apex, and 
laterally and inferiorly over its middle and lower lobes. Some of 
these adhesions, which were fibrous in nature, obliterated the right 
costophrenic sinus and encapsulated some yellowish white, cheesy 
and hyaline material. The space occupied by the heart was greatly 
increased, having a maximum transverse diameter of 19 cm. All 
cardiac chambers were much dilated and more than half of the an- 
terior presenting surface was formed by the right ventricle and 
atrium. The papillary muscles and trabeculae cameae of both 
ventricles were appreciably elongated, thickened and also flattened. 

With the heart opened there could be seen immediately inferior 
to the pulmonic valve a rounded, bulging area forming a sort of 
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shelf on the septal wall of the right ventricle and producing some 
stenosis immediately proximal to the valve. Over the inferior half 
of this projection the endocardium was pearly white and the su- 
perior border of the whitened area was quite sharp, due to the fact 
that at this point the interventricular septum had been reduced to 
a hyaline state and formed one wall, here only 2 mm. tliick, for the 
Valsalva sinus aneurysm to be described in more detail presently. 
Several of the chordae tendineae of the anterior cusp of the tricuspid 
valve were attached to the aneurysm v/all which lay immediately 
anterior and to the left of this valve. The aortic valve measured 
9 cm. in circumference and its leaflets were somewhat rigid, with 
thickened and rolled margins. The commissures between the leaflets 
were wddened, the distance betv;een the right and left posterior 
leaflets being i mm., while the commissures separating the anterior 
and left posterior leaflets and the anterior and right posterior leaflets 
were each 3 mm. At a point 4 cm. superior to the aortic ring the 
aorta had a circumference of 12.5 cm. The ostium of the right coro- 
nary artery was slit-like, measured 1 by 2 mm. and was situated 
6 mm. superior to the tip of the anterior aortic leaflet on the superior 
aspect of the shelf -like margin of a semilunar aneuiy^sm 2 by 1.3 cm. 
in size, which occupied the right posterior sinus of Valsalva and ex- 
tended into the inter\'entricular septum for a distance of 2.8 cm. 
(Fig. 5). In its development the aneurysm left behind a narrow 
and firm ridge separating it from the attachment of idie right pos- 
terior aortic leaflet. The lining of the sac v/as rough, grayish w’hite, 
mottled by yellowish atheromatous plaques, of cartilaginous firm- 
ness and displayed over a part of its blind end a thin, grayish red 
thrombus. The wall forming the blind end lay in a concavity hol- 
lowed out of the muscular interventricular septum. The pars mem- 
branacea septi appeared to have been displaced to the left to form 
most of the left wall of the aneurysm, which, however, did not stop 
here but continued downward, cupping out for itself a bed in the 
muscular interventricular septum. Along the right border of the 
shelf bearing the right coronary orifice was a deep and narrow verti- 
cal groove communicating directly with the Valsalva aneurysm. 
The ostium of the left coronary artery measured 2 by 3 mm. and 
opened 2 cm. superior to the upper boundary of the left posterior 
aortic leaflet. Serial cross-sectioning of the coronary arteries re- 
vealed them to be macroscopically unchanged. The wall of the en- 
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tire aorta was irregularly thickened and distorted and the vessel was 
(juite tortuous. The intuna, from the root to the bifurcation, was 
whitened, thickened and wrinkled longitudinally. Toward the bi- 
furcation was an increasing amount of atheromatous change with 
ulceration and calcification. The vessel cut with leathery resistance 
and was unduly adherent to the structures about it. In the anterior 
wall of the abdominal aorta was a small saccular outpouching. The 
heart and entire aorta weighed 940 gm. The myocardium of both 
ventricles was distinctly hypertrophied and pinkish, with a slight 
yellowish mottling. The anterior wall of the left ventricle seemed to 
be elongated. Fibrotic patches were noted at the tips of the various 
papillary muscles. The mitral valve ring was 11.5 cm. in circum- 
ference and its leaflets, particularly the anterior one, were flecked by 
atheromatous patches. 

In the lower lobe of either lung were several rubbery, yellowish to 
grayish, sharply circumscribed, grouped nodules with polycycHc 
outlines. The bronchial and pulmonary arterial walls were thick- 
ened and some of the latter displayed atheromatous plaques. 


Microscopic Examination 

Microsections of the septal portion of the Valsalva aneurysm re- 
veal a partially organized and partly softened thrombus at its base. 
The wall of the sac is formed by a thick layer of hyaline material 
showing atheromatous changes and hemosiderin deposits. Blending 
with this is a layer of vascular granulation and fibrous scar tissue 
containing numerous partially or completely obliterated arteriolar 
cha.nnelR surrounded by broad collars of lymphocytes and plasma 
cells. By means of the Verhoeff stain fragments of degenerating 
elastic tissue are identified, proving that this portion of the sac 
represents remnants of aortic media. Separating this layer and the 
septal myocardium is a thin zone of connective tissue, probably 
representing aortic adventitia, containing a number of tiny vas- 
cular channels, apparently veins. Farther out are degenerated 
cardiac muscle cells, isolated or split up into small groups and com- 
pressed by dense fibrous tissue. On account of the formalin fixation 
and the time elapsing between death and autopsy, special stains 
to demonstrate the cells of the atrioventricular bundle were not 
employed. 
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Sections of the aorta, taken at various levels from the root to the 
bifurcation, all exhibit essentially the same changes, namely, ir- 
regular thickening, fibrosis, puckering and distortion of all layers, 
with extensive fragmentation and destruction of medial smooth 
muscle and elastic tissue with partial replacement of these by fibrous 
connective tissue of varying age. The aortic vasa vasorum display 
all degrees of obliterative endarteritis and are surrounded by var^^- 
ingly dense collars of Ijmnphocytes, plasma cells, Russcl-Plimmer 
bodies and occasional poljinorphonuclcar eosinophiles. Certain of 
the cellular accumulations shov; slight necrosis. The adventitia is 
the scat of similar cliangcs. 

Sections of myocardium from either ventricle exhibit marked 
hypertrophy and deposition of pigment at the nuclear poles with 
distinct cross-striations in some cells and an absence of these in 
others. A few of the cells appear to be atrophic. The interstitial 
tissue seems to be slightly edematous, a little increased in places and 
contains occasional lymphoc>aes and plasma cells but no cellular 
aggregations resembling gummas. The smaller branches of the 
coronary arteries are unchanged. Frozen sections stained with 
scharlach R fail to show any fat in the myocardium. 

Microscopic examination of the lower lobes of the lungs reveals 
compression atelectasis, chronic passive hyperemia, edema, slight 
emphysema, and numerous pneumoliths. Here and there, in re- 
lation to bronchi or larger blood vessels are nodules composed of 
plasma cells and lymphocytes, surrounded by vascular granulation 
tissue containing many of these cells. Large areas of incomplete 
caseation necrosis in which the architecture of lung tissue and blood 
vessels can stiU be recognized are present. The necrotic tissue stains 
pinkish with eosin and there is no evidence of calcification or per- 
sistence of nuclear fragments, nor are any giant cells or epithelioid 
cells seen. No structures resembling daughter tubercles are in evi- 
dence. At the edges of such lesions the arterioles have undergone 
extensive obliterative inflammation. The larger branches of the 
pulmonary arteries are atheromatous and proliferative intimal 
changes have reduced their lumens to some extent. In places their 
walls contain a moderate number of lymphocytes, plasma cells, and 
rarely eosinophilic and neutrophilic pol3unorphonuclears. The 
right costophrenic pleural thickening consists of hyalinized fibrous 
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tissue and granulation tissue containing patchy accumulations of 
lymphocytes and plasma cells, forming a capsule about amorphous 
and hyaline material in which there is much cholesterin. 

Discussion 

In addition to the previously recognized causes for the develop- 
ment of aneurysm of the coronary arteries, such as mycotic-embolic 
infection and arteriosclerosis, we oiOter another, namely, syphilitic 
arteritis. In so doing we are cognizant of the truth of the generally 
accepted belief that the coronary arteries are only rarely affected by 
syphilis distal to their intra-aortic segments. However, in Case i 
there exists a most unique pathological condition which modifies the 
usual circumstances to such an extent that we have no hesitancy in 
terming the coronary lesion syphilitic. Undoubtedly the involve- 
ment of the left coronary artery was dependent first upon the local- 
ization of an active syphilitic aortitis in the left posterior sinus of 
Valsalva, and secondly the direction of burrowing of the enlarging 
sac which finally brought it into intimate contact with the main left 
coronary artery. There must then have been a spread of the 
Spirocheta pallida from the wall of the Valsalva sac to the wall of 
the coronary artery, with resultant destruction, fusion of the walls 
of the two juxtaposed structures and, finally, the formation of a true 
aneurysm in the weakened coronary artery. 

As evidence of the syphilitic nature of the lesion we submit the 
microscopic observation of obliterative endarteritis of the vasa 
vasorum, perivascular collars of plasma cells and l3mphocytes, 
microscopic sized gummas, destruction and scarring of the media 
and adventitial fibrosis, aU of which are recogmzed as characteristic 
of syphilis by Warthin and Moritz.^® A careful study of the aorta, 
coronary arteries and myocardium failed to disclose anything that 
could be interpreted as rheumatic disease, a possibility which, in 
view of the newer histopathology of rheumatism, as described by 
Hlinge and Vaubel,^® and others, must be kept constantly in mind 
in the study of vascular lesions. It should be mentioned also that 
the vascular changes in the coronary artery of Case i were quite 
different from the commonly observed adventitial cellular infiltra- 
tion accompanying coronary arteriosclerosis. 
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Another feature of this case makes it doubly interesting, for in 
addition to aneurysm of the coronar>' arter>' there v.-as recent throm- 
botic occlusion of the sacculation and tlic lumen of the vessel adja- 
cent to it. Closure of a main coronary arterj^ near the heart would 
lead to serious consequences, even in a hcaltliy organ, and in this 
instance would be even more embarrassing on account of the previ- 
ously existent and plainly evident aortic insufllciency and dilatation 
of the left ventricle. Although the record and identifying number of 
the specimen are missing there is every reason for believing that 
coronary thrombosis "was the terminal event of this person’s life. 
Death evidently supervened shortly after the thrombus formed, for 
only the earliest indications of infarction of the myocardium were 
present. 

While Vogelsang’s ^ e.xample of coronarj' aneurysm may well have 
been due to syphilis, one cannot be certain that such was the case 
because the vessel w^as not studied histologically. In our case, al- 
though spirochete stains were not done, it is felt that the evidence 
of syphilis is indisputable. With the possible exception of Vogel- 
sang’s case the present example appears to be the first of its kind 
thus far recorded. 

In Case 2 it is possible that the incipient heart block, not evident 
clinically but suggested by the prolonged atrioventricular conduc- 
tion time and the inverted T-waves of the electrocardiogram, may 
have been caused by digitalis, but we feel that the Valsalva aneu- 
rysm, on account of its size and anatomical relation to the atrio- 
ventricular bundle, together with degenerative and fibrotic changes 
in the adjacent myocardium, afford a more plausible explanation for 
these phenomena. Another factor contributing to cardiac failure 
was aortic insufficiency, which not only threw additional strain on 
the left ventricle but also failed to allow sufficient blood to enter the 
stenosed coronary ostia to nourish the myocardium properly. The 
right cardiac hypertrophy probably was due to increased pressure 
in the lesser circulation bed, due both to the stenosis of the pul- 
monary valve region by the Valsalva sinus aneurysm and also to 
pulmonary atherosclerosis which, in turn, probably followed in- 
creased circulation pressure from left heart failure on the basis of 
aortic insufficiency and stenosis of the mitral area from the Valsalva 
aneurysm. The presence of plasma cells and lymphocytes in the 
walls of the pulmonary arteries suggests that the sclerosis of these 
vessels may, in part at least, have been the result of syphilis. 
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The lesions in the bases of the lungs exhibited the characteristics 
of gummas and bore scarcely any resemblance to tubercles. Al- 
though the spirochete stains failed to demonstrate the organism it 
is our opinion, from the histological structure of the lesions and the 
known syphilitic nature of the aortic disease, that the pulmonary 
foci are very probably luetic as well. 

The aortic involvement was much more extensive than is usual in 
syphilis and it is interesting to note that a second saccular aneu- 
rysm had developed in the abdominal division of the vessel. 

Summary 

Two cases of syphihtic aneurysm of the aortic sinuses of Valsalva 
with unusual complications are described. Such sacculations are 
distinctly imcommon, forming only 0.93 per cent of the aortic aneu- 
rysms in our series of 5896 autopsies. 

In I case the aneurysm burrowed through the ventricular myo- 
cardium until it reached the left coronary artery, where a secondary 
syphihtic arteritis was estabhshed, leading first to aneurysm of the 
coronary artery and finally to acute thrombotic occlusion. This is 
the 34th case of coronary aneurysm to be recorded and apparently 
the fiiTst to have a syphilitic etiology. 

The uncommon manifestation of Valsalva aneurysm in the second 
case was incipient heart block, dependent upon the proximity of the 
sac to the atrioventricular bundle. 
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DESCRIPTION OF PLATES 
Plate 169 

Fig. I. Photograph of a portion of the left ventricle and aorta of Case i. To 
the left are tw’o right coronary ostia and a portion of the thrombosed Val- 
salva aneurysm. Above and to the extreme left are the right and left 
anterior pulmonic leaflets held out by props. To the right is the left 
coronary ostium and the Valsalva aneurysm showing its direct connection 
with the aorta and its roof formed by the beginning of the pulmonary' 
artery. The groove to the right of the sac lies between the lateral wall of 
the pulmonary artery and the left anterior leaflet of the pulmonic valve. 

Fig. 2A. Wax recoirstruction of Valsalva (white) and left coronary (black) 
aneurysms viewed anteriorly. Natural size. A white marker has been 
placed in the ostium of the artery. To the right is the beginning of the 
circumflex branch. The flatly oval shape of the coronary aneurysm is well 
shown in this view. 

Fig. 2B. Wax model viewed from above showing the cavity of the Valsalva 
aneurysm. The white area toward the base of the coronary artery is a faigh- 
Hght. 
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Fig. 3. Case i. Drawing of the two aneur>’srns. .Actual size. 'J'he distal face 
of each segment e.xcepting Illoch i is depicted. Thus if 11 were superim- 
posed upon G and so on, the aneurysms would appear as they were before 
sectioning. 


Fig. 3A. 
Fig. 3IJ. 
Fig. 3C. 
Fig. 3D. 
Fig. 3E. 
Fig. 3F. 
Fig. 3g. 
Fig. 311. 


Ostium of left coronary artery. 

Block 5 mm. distal to ostium of left coronarj' artciy’. 
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a, ostium of left coronary artery” h, pulmonar}' artery; c, left atrium; 
d. mitral valve cusp; c, A'alsalva aneurysm;/, left main coronarj' artery; 
/', anterior interv'entricular branch of left coronary* artery; f, circumfle.v 
branch of left coronary' artery; g, left ventricular myocardium; It, myo- 
cardial scars; x .r'. and x' y, indicate boundaries of areas from which blocks 
for microscopic study were taken. 








Plate 171 

Fig. 4. Case i. Low power photomicrograph showing the intima, media and 
a small portion of the adventitia from the left coronarj' arterj’^ aneurj'sm 
near the point where it fuses with that of the sinus of Valsalva. Along the 
right margin is a small part of the occluding thrombus. The intima is 
thickened and contains a small capillary. !Much of the media has been 
destroyed and is heavily infiltrated with lymphocytes and plasma cells. A 
nutrient vessel with marked narrowing of its lumen is shown and above it 
is a tangentially cut nerve. Note also the cellular infiltration and fibrosis 
of the adventitia at the extreme left. 

Fig. 5. Case 2. View of the Valsalva aneur}'sm after opening the left ventricle 
and aorta. A part of the wall of the aneurysm has been cut away and turned 
to the right in order to display the bed of the sac in the interventricular 
septum. Near the left border of the aorta is the orifice of the left coronary’ 
arter}^ Note the thickening and distortion of the intima in the ascending 
aorta. 
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ADAMANTINOMA OF THE UPPER JAW 


REPORT OP A CASE 
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{Fro77i the Lady Harduige Medical College, New Delhi, hxdia, and the Depart 77 ie 7 il of 
Pathology, College of Physicians a7id Snrgeoxis, Cohmhia University, 

New York City) 


Prior to the publication of Malassez’ ^ work the grouping together 
of certain tumors of the jaws, as having a possible common origin in 
the gingivodental epithelium, may be said to date from the theory 
advanced by Verneuil (cited by Charvot ^ and Cumston that all 
growths of epithehal character in the jaws, especially multilocular 
cysts, adenomatous cysts and the periosteal cysts of Magitot,^ arose 
in cell masses which he called “paradental debris.’’ However, the 
fact that Malassez’ theory was widely known in France before i88i 
is evidenced by Cumston’s reference to it. Certainly by that time 
Falkson,® in 1879, advanced the theory of enamel organ origin 
and the hypotheses of Broca ® and Magitot ^ had already been ac- 
cepted by many authors. The first description of growths of this 
type is found in Scultet’s Armamentarium Chirurgicum, 1655 
(pages 222-228), and the term adamantinoma was first suggested by 
Gkjebal ' in 1897, and reintroduced by Ferrero ® in 1906, to denom- 
inate tumors composed of a fibrous stroma and epithelium arising 
from that of the gingivodental tract. In this way the term has been 
used for growths such as those reported by Jeannel,® Pean,^° Brown^^ 
and others, where only epithelium of the malpighian type was 
present and no trace of true adamantine cells could be found. In 
many instances, however, its application was limited to epithelial 
growths w^here no adult dental tissue could be detected. Coryllos,^ 
and many French authors, on the other hand, have used it to cover 
aU epithelial growths ori^ating in the gingivodental tract irre- 
spective of their contents. It is doubtful whether there exists any 
basis in fact for separating “dental cysts,” that is, cysts in associ- 
ation mth an erupted tooth, and “dentigerous C3''sts” (in which a 
non-erupted tooth is included in a growth of this type) from the 
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group of adamantinomas proper, the former as inflammatory pro- 
liferations of the epithelial debris of Malassez, and the latter as of 
follicular origin. Coryllos reports the occurrence of a growth of 
typical differentiated adamantine cells in a patient who had suffered 
no dental trouble prior to the age of 35 years, at which time a carious 
molar was extracted, followed by the development of the tumor. 
Both the temporary and permanent dentitions had been normal and 
complete. Origin by proliferation of the paradental debris of the 
affected tooth appears most probable in this case. Heath states 
that so-called dental cysts may develop into multilocular, or even 
solid adamantinomas, if not completely extirpated. In the Report 
on Odontomes is found the statement that, in the case of all such 
cysts, to avoid recurrence the entire epithelial lining must be de- 
stroyed. Kegel, and others, believe that in such instances of either 
a multilocular or solid adamantinoma it is the presence of the grow- 
ing tumor of dental germ origin that is responsible for the dental 
crises, and consequently for the tooth extraction, and that it is not 
irritation of the paradental debris by inflammation and suppuration, 
and later damage to the debris during extraction, that is responsible 
for subsequent tumor development. They cite in support of this the 
fact that fluid frequently escapes at the time of extraction. The 
fifth case recorded by Charvot would appear to refute this theory, 
as the patient insisted that at the time of extraction of the offending 
tooth no fluid escaped, although 6 months later, when an obvious 
swelling had developed at that site, fluid containing cholesterm 
crystals was drained from what proved to be a cystic adamantinoma 
in the tooth socket. 

Malassez and Coryllos affirm that an adamantine growth formed 
arovmd an tmerupted tooth the root of which is developed, originates 
not in the follicular epithelium but in the gubemacular portion of 
the paradental debris (probably the remains of the cord of the 
enamel organ), by an excessive proliferation and (ystic degeneration, 
which normally would bring about the eruption of the tooth. In the 
case of the permanent teeth, with the exception of the first molar 
which erupts like the deciduous teeth, malformation of the iter denits 
or bony canal by which the tooth erupts may be the irritating factor, 
as first suggested by Albarran (Fig. 2) . Certainly in the Report on 
Odontomes it is stated that in some cases of dentigerous cyst “ab- 
sence of the corresponding tooth has been assumed without reason, 
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and that where a perfect tooth was included its root was as a rule 
embedded in the cyst wall. Coryllos points out that were such 
tumors of follicular origin the tooth might be expected to lie entirely 
within the cyst cavity. He further affirms that in the only true 
dentigerous tumor of follicular origin the crown only of the included 
tooth is formed, the tumor originating in the epithelium of Von 
Brunn’s sheath, the sole portion of the enamel organ remaining 
after development of the tooth crown. Cases such as those reported 
by Remy and Duret,^° where the included wisdom tooth was 
covered by Nasmyth’s membrane, so that all epithelial elements of 
the dental foUicle were intact, may be quoted in support of this 
theory. Nor are such growths always of predominantly cystic char- 
acter. 

The classification of Coryllos, including as adamantinomas all jaw 
growths of dental origin, with a persistent epithelial factor, irre- 
spective of the contents, would appear to have the merit of simplicity 
and logic. The only point to which exception may be taken is the 
inclusion of growths of purely malpighian type of epithelium exhibit- 
ing epithelial p,earls and areas of cornification. Both the inner and 
outer layers of the enamel organ are formed by basal cells (Fig. i), 
and one may therefore assume that the basal cells of the gingivo- 
dental tract may undergo one of two forms of evolution — stratifica- 
tion, as in the formation of gingival mucosa, or cylindrization and 
enamel secretion. No evidence has yet been offered to show that 
cylindrical ameloblasts may be transformed into malpighian cells. 
If the term adamantinoma is to be limited to growths exhibiting 
epithelium in the line of development toward enamel formation, 
tumors of the purely malpighian tjjpe, arising as they must in cer- 
tain sections of the paradental debris, may better be termed “para- 
dental acanthomas.” 

Most writers agree with the statement of Bloodgood,^° that con- 
servative operations tend greatly to increase the rate of growth and 
enhance the penetrative capacity of these neoplasms in the recur- 
rences (stated by Kegel to foUow in 76 per cent of cases, and re- 
ported by Simmons as following in every one of 10 cases in which 
an incomplete operation was carried out). However, it is of interest 
to note that Hautant,^^ in reporting a case of adamantinoma of the 
upper jaw involving the middle' meatus and the maxillary antrum, 
regrets that he did a maxiUary resection, since he did not take into 
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consideration the relation of the growth to that of a nasal polyp 
which had been removed previously and reported as being of ada- 
mantine structure, Lemaitre, in the discussion which followed, 
agreed with this opinion that removal of the cyst and opening of the 
antrum would have sufficed. He states that as true adamantinomas 
are met with “in the lower jaw only,” he regards the growth as a 
degeneration of a “paradental cyst.” 

Bloodgood further affirms that even after a period of 29 years, if 
not subjected to previous operative interference, these growths will 
yield to radical operation. In the upper jaw, however, the early in- 
volvement of important structures makes adequate early interven- 
tion essential. The case of Santy is one of considerable interest in 
that a sohd growth of the low'er jaw recurred in cystic form 6 years 
after resection of the jaw. Even then, no adenopathy was present. 

Solid growths may grow as fast or as slowly as cystic tumors. In 
the congenital cases of Coote^^ and Massin,^^ both children were 
seen at the age of 6 months, at which time one of the sohd growths 
in the latter’s case had grown to a diameter of 1 inch. The cysts in 
Coote’s patient, which were accompanied by suppuration, were ap- 
parently of appreciable size. Gentsch asserts that cystic degenera- 
tion, which he beheves is due to defective nutrition, is induced by 
pressure upon the tumor and points out that in his own case the 
sohd part of the growth was that over the face. He explains the 
apparently rapid increase in size of the cystic type as due to their 
relative bulkiness. With Siegmund,^^ Jager,^® Hammer,^® Papayoan- 
nou and Seneque,®^ Gentsch beheves that the connective tissue 
also takes part in the cyst formation. In the author’s case also this 
appears to be true. 

According to Kronfeld the presence of osteoclasts in the stroma 
indicates rapid resorption of bone, and so ready extension of the 
tumor. This is reported in the case of Chibret,®® the epular case of 
Bohmig,®'* and that of Bozo and Lattes.®® Of the 25 upper jaw cases 
reviewed by Gentsch 14 were described as cystic, 10 as sohd, and 
I as questionably sohd, showing that cystic growths are as common 
in the upper jaw as are sohd tumors. Of a total of no cases of 
tumor of the upper jaw reviewed, the author foimd that 60 were 
stated to be cystic and 40 sohd. Sohd tumors of the lower jaw occur 
also, although less frequently, but ‘many cystic cases, such as those 
described by Carter,®® are reported as being partly sohd. The 
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tumors reported by Nove-Josserand and Berard,®^ St. Germain,^® 
Derujinsky,®° Nasse/° Chibret/^ and Kruse were all solid growths 
occurring in the lower jaw. 

There is little doubt that solid growths are more likely to be 
treated by radical operation in tlie first instance, whereas cysts are 
often inadequately curetted, which probably explains Nove-Josse- 
rand’s assertion that solid growths do not recur. There appears to 
be no constant relation between tlie consistence of these growths and 
their histology. 

The histology of recurrences of these tumors also varies greatly. 
“Enamel” was present in a third recurrence of the polycystic type 
showing differentiated histology in D’Aunoy and Zoeller’s third 
case, while in the first case of Simmons, already quoted, the recur- 
rence consisted entirely of undifferentiated cells. In the cases re- 
ported by Falkson,® Becker,^^ and Wright,'^^ the recurrences showed 
differentiated histology. In the tumor of the upper jaw reported by 
Cordeiro and Cansancao,^® after 1 5 years duration and frequent in- 
cisions the histology persisted in the differentiated form. There 
would appear to be evidence showing that it is possible for ada- 
mantinomas to develop malignant characteristics associated with 
three types of metaplastic change in the growths. 

Stromal changes of a sarcomatous type have been reported by 
Eve,"*® in a tumor of the lower jaw in which enamel organ tissue and 
epithehum were present also. Fergusson’s case, reported by Heath,^^ 
was that of a round cell sarcoma with metastases to the pelvis and 
biceps, after the cystic growth had lasted for 35 years. He described 
also a case of adamantinoma showing this change. There were no 
enlarged glands. 

The Report on Odontomes states that there is on record another 
case in a boy of 5 years, in which the dentition was complete. The 
growth contained the crown of a permanent third molar and the 
tissue resembled that of a sarcoma, and also “was not unlike dentin.” 
All these growths occurred in the lower jaw. Mainguy’s case is 
probably also of this type, as he states that the growth seemed to 
him to arise in connection with the second left upper molar tooth, 
although the tissue was shown to be sarcomatous. 

Epithelial changes apparently may be of two types, as might be 
expected from the nature and origin of these growths: (i) cylin- 
dromatous metaplasia, i.e. of the basal cell type alone, as reported 
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by Kaufmann/® Bozo and Lattes, Bercher and Grandclaude,®^ 
Gemez and Surmont,®^ and others. In the case ,of Bercher and 
Grandclaude there was sudden increase in the rate of growth, with 
fracture of the bony wall associated with cylindromatous changes in 
the tumor. Raach,*'® in Case 3, describes a similar change, and 
Simmons^^ also, in a woman of 62 years. Seneque describes a 
tumor with a “cylindromatous stroma.” (2) Squamous changes of 
a carcinomatous character occurring in growths of the epidermoid or 
acanthomatous type are reported by Suker and Ewing.^^ 

The sarcomatous changes in the stroma have been held responsible 
for the metastatic deposits reported by Eve,'^° Fergusson,'’^ and 
Hutchinson, while in Ewing’s first case the metastases were defi- 
nitely histologically related to the primary fibro-epithelial tumor in 
the jaw. In the second case, after the fourth recurrence, metastases 
to the lungs, neck and cervical lymph glands occurred. Simmons ^ 
also reports 2 cases in which metastasis occurred; in one the growth 
was of 14 years duration, and in the other 12 years. In Case 7 the 
metastatic deposit exhibited the same histology as the primary 
tumor, while in Case i it showed a more differentiated histology. 
Bemays believes that constitutional weakness induces a malig- 
nant condition. In all these cases there was a long history with 
record of frequent operative interference. 

The case of Vorzheimer and Perla,*'® in which there was removed 
postmortem from the right bronchus a mass consisting of tumor 
tissue composed of cylindrical cells, a few stellate cells and central 
masses showing a roughly formed epithelial pearl structure with 
munerous spindle cells enclosed in a fibrillar network, is of interest 
as the authors stress the fact that there was no evidence of a malig- 
nant condition in the tissue. The patient was a man of 38 years, in 
whom an upper jaw adamantinoma had been present for 21 years 
and who had imdergone several operations, with radium treatment 
also. Following this a radical operation was performed, but the 
patient developed lung complications and died. The authors are 
inclined to the belief, based on the histology of the mass in the 
bronchus and upon the fact that no invasion of the bronchial walls 
had taken place, that the lung involvement was due to aspiration of 
tumor tissue into the bronchus and not to metastasis of the growth. 

The following report of a case of adamantinoma of the upper 
jaw, occurring in an Indian patient, is presented in view of the 
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comparative rarity of the condition and also because of the peculiar 
points in the histology of the growth. 

Report of Case* 

A portion of a partly solid growth was received for pathological examination 
on April 5, 1933, with the following history: 

“The patient, Mohd. Hafiz, is a Moslem youth of 18, admitted as suffering 
from a hard swelling of the left upper jaw, duration i year. The tumour is situ- 
ated over the second molar tooth, appears to have been painless, and is not 
tender. The teeth are regular; the jaw appears to be expanded. The jaw was 
X-rayed and the film suggested the presence of cystic formation in the region of 
the tumour. 

The growth at operation was found to be partly solid and partly cystic; it had 
invaded the antrum. The wisdom tooth which had erupted into the antrum was 
surrounded by solid tumour tissue. The tooth and tumour tissue were removed 
and the cavity curetted.” 

Unfortunately, it has not been possible to obtain the subsequent history of 
this patient. 

Macroscopic Appearance: The tumor tissue was of firm consist- 
ence, reddish in color, and its cut surface exhibited the presence of 
minute cyst-like spaces, which varied in size from being barely 
visible, to 0.6 cm. in diameter. The tissue was encapsulated. 

Microscopic Examination: The upper part of the growth is sur- 
rounded by fibrous tissue which forms a rough but distinct capsule. 
This consists of comparatively well formed connective tissue bundles 
somewhat irregularly arranged and exhibiting in places well marked 
myxomatous degeneration, resulting in the development of cystic 
spaces varying from loy^i to a size visible to the naked eye in diameter. 
Some are empty and others contain mucoid material. The nuclei 
in this region are scanty, well formed and stain homogeneously. The 
blood vessels are munerous and possess definite walls. More or less 
linearly disposed in the outer margin of this part of the growth are 
many fragments of osteoid tissue exhibiting well marked lacunae 
but no Haversian canals. The lower part of the fibrous capsule of 
the tumor is made up of connective tissue of a more homogeneous 
myxomatous character and of fighter texture, with fewer and less 
well formed vessels, which are mainly distributed along its outer 
margin. Here, too, an almost continuous boundary is formed by 
calcified material, similar to that mentioned above. In all instances 
there exists a narrow margin of firm connective tissue external to the 

* This case is reported through the kind permission of Lt.-Col. Wilson, I. M. S., 
Civil Surgeon, Delhi. 
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calcified material. Figure 3 illustrates the general scheme of ar- 
rangement of the tumor. 

The remainder of the growth consists of epithelium and cellular 
stroma present in var3dng proportions, and is irregularly lobulated 
(Fig. 4). In many places marked degeneration of the stroma has 
resulted in the formation of cystic spaces containing a delicate homo- 
geneous acidophilic substance (a, Fig. 4). In other parts the spaces 
are empty, and elsewhere the stroma is of a highly cellular char- 
acter, and here a degeneration of a different type appears to have 
taken place (b, Fig. 4). This material is granular, highly acidophilic, 
and in places where the stroma is in contact with the epithelium can 
be seen as irregular, rounded calcified masses composed of aggrega- 
tions of similar granules. This substance differs from that shown in 
c. Figure 4, in that an eccentric prismatic structure is absent; it is 
of definitely granular character and exhibits greater affinity for the 
acid stain. It appears to be developed in and from the connective 
tissue only, but cannot definitely be interpreted as being poorly 
formed dentin. In one instance an entire cyst cavity was filled with 
this material, the granules varying in size but all more or less rounded 
in shape, while scattered along the margin of the cavity were larger 
masses of paler color, but of obviously the same origin. In places, it 
seemed that the material was being laid down on fine processes pro- 
duced by change in the stroma. 

The epithelial disposition is roughly lobular, the lobules varying in 
size and delimited by the highly cellular stroma. Many of the lobules 
are formed by masses of small epithelial cells of a roughly spherical 
shape, with scanty cytoplasm and large, somewhat pyknotic nuclei. 
No mitotic figures were seen, although in many instances the 
chromatin was diffuse. Alveolar distribution was also seen and the 
cells were of a low cylindrical type, regularly arranged on a base- 
ment membrane and flanked by one of two rows of flattened cells, 
thus reproducing the arrangement of cells of the inner and inter- 
mediate layers of the developing enamel organ. In several instances, 
without alteration in the peripheral row of cells, those of the central 
mass had begun to degenerate by vacuolization of the cytoplasm, 
so that the nuclei appeared to be connected by fine cytoplasmic 
processes only. In Figure 5 is seen a further development of this 
process. Here the marginal cells have assiuned a roughly cylindrical 
form and are disposed at right angles to the basement membrane, 
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while the central mass of cells has undergone marked degeneration, 
resulting in the formation of stellate cells similar to those forming 
the enamel pulp in the 4 months fetus. It is noteworthy that these 
cells are in this case formed by degeneration of cells of the baso- 
cylindrical type and not of the malpighian tj^e, as is seen in the 
developing enamel organ. Indeed, no malpighian cells were seen in 
any part of the tumor. In Figure 3 b an early stage of this degener- 
ation is seen. 

Further stages of evolution of the epithelial structure are seen in 
Figure 5 and at d in Figure 4. These consist in the development 
of regular alveolar spaces formed by a single or double row of high 
cylindrical cells with well staining homogeneous or slightly pyknotic 
nuclei disposed toward the cavity or lumen. At the outer margin 
can be detected a row of supporting flattened cells delimited by a 
well staining basement membrane. A distinct membrane hnes the 
alveolus and can be seen clearly in Figure 4. This resembles the 
preformative membrane of the enamel organ, and is similar to that 
described by Siegmund in a case of adamantinoma. Attached to 
the inner margin of this structure are fragments of a substance that 
appears to be produced by the epithehxun and a mass of which lies 
free in the alveolar space (c, Fig. 4). From its structure it appears 
to be built up of successive layers of roughly hexagonal prisms which 
are highly irregular in size and distribution, having a vague resem- 
blance to enamel. 

At one point in the outer margin of the tumor an interesting de- 
velopment can be seen (Fig. 6). Here there is a narrow, finely 
moulded rim of material similar to that seen at c in Figure 4. Ar- 
ranged over it is a well defined arch of a substance consisting of fine 
prisms closely arranged so as to give the appearance of canaliculi, 
with a central plaque of homogeneous calcified material. Covering 
this and extending outward into a somewhat uneven and indefinite 
margin is material of a similar character but of lighter texture. It is 
seen to be disposed over the substance shown at b in Figure 4. In 
no other part of the tumor are these substances seen in direct con- 
tact, and in all other instances the enamel-like material is con- 
tained within an alveolar space. In further support of the state- 
ment that the material shown at b in Figure 4 is formed solely in the 
connective tissue is the fact that in one place it definitely assumes 
the place of the connective tissue, which at that situation forms a 
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dense, membrane-like support to material seen at c in Figure 4, and 
which prior to assuming the calcified form is seen in bead-like 
formation arranged along the fibrous structure. Finally, a mass of 
material resembling in every detail that shovm at b in Figure 4 is 
formed. 

The structure of the growth leaves no doubt that this tumor is an 
adamantinoma containing calcified tissue of three types, whose char- 
acteristics are difficult to interpret absolutely from the structure 
exhibited. The disposition of the enclosed molar tooth suggests a 
gubemacular rather than a dental germ origin, as does also the ir- 
regular distribution of two of these calcified tissues (b and c. Fig. 4), 
while their presence in both true and reversed order (Figs. 4 and 6) 
is highly significant. 

The only record which could be found of an adamantinoma in an 
Indian patient is that of Tirumurthi.®^ The tumor in this case, a 
female patient, was situated in the lower jaw and weighed 3 pounds 
at the time of operation. 

In the Report on Odontomes the following figures are given: 

Denial Cysts: Found equally in both sexes; a total of 18 records 
were found, with 50 per cent of these occurring in the upper jaw. In 
5 of these upper jaw tumors the tooth involved is stated — incisor i, 
molar i, premolar 3. 

Dentigerous Cysts: Eighty-four cases, of which in 76 the sex was 
stated; 39 occurred in women and 37 in men. Forty-one were upper 
jaw cases; 30 involved the canine teeth, 16 the incisor teeth, 13 the 
third molars, 12 the first or second molars and ii the premolars. 

Multilocular Cysts: They state that aU of 39 cases were lower jaw 
tumors. 

Gentsch collected 24 cases with tumors of the upper jaw from 
the literature and reported i. Cordeiro and Cansancao collected 
27 cases from the literature, and reported i. 

The following cases have been traced by the author: 

Juxia- or Pararadicular Adamantinomas {Dental Cysts) : Twenty- 
three cases, in 20 of which suppuration was a feature; in the remain- 
ing 3 the patient attributed the growth to trauma. 

Simple Adamantinomas: Fifty cases. 

Epular Adamantinomas: Weinlechner 2, Bohmig^^ i, Raach®"^ 
Cases 2 and 3 (described as “mixed tumours of the palate”)- Prob- 
ably also the bilateral growths reported by Lantier were of this 
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nature. Wohl described an adamantinoma of the upper Kp close 
to the junction with the gum. Moulonguet and de Lambert offer 
evidence to show that congenital epuH are of the nature of adaman- 
tinomas. 

Dentigerous Adamantinomas in which the Enclosed Tooth Was an 
Unerupted Tooth: In 12 cases a canine tooth alone; in 3 cases the 
wisdom tooth alone; in 3 cases an incisor tooth; in 3 cases the first 
or second molars; and in 3 the tooth is not named. The records of 
the cases reported by Wrede and by Ricke were not obtainable, but 
Gentsch refers to the former author as not stating whether the wis- 
dom tooth had erupted or not, and in Wrede’s case no report was 
made as to whether the tooth was an unerupted or supermunerary 
one. 

The cases in which the canine tooth was enclosed are those of 
Cumston,® Heide,®^ Gurd,®® Mayet,®® Delie,®^ Broca,® Nelaton,®® 
Bayer,®® Gensoul,^® Crocquefer,^^ 2, Chompret and Dechaume,^® 2. 

The wisdom tooth was enclosed in 2 cases of New,^® that of 
Tellier,^^ and in the author’s case. 

The incisors were found enclosed in the cases of Syme,^® Salter,^® 
and Vitalis.^^ 

The first or second molar was enclosed in the cases of Jourdain,’'® 
Ollier,’® Lucas ®® and Jay.®^ D’Aunoy and Zoeller do not report 
the tooth enclosed. 

The following cases must be considered separately for various 
reasons: 

Coleman reports a case in which a growth appeared at the age 
of 12 years, 28 dental corpuscles were present. Nine were single, 
each with a formed conical crown, 6 had many points, and there 
was present also an irregular dental mass. In the right upper jaw 
the canine premolar and first molar tooth were missing. 

Tellaider ®® reports a case in a woman of 27 years, in the right 
upper jaw of whom were missing the first molar, both bicuspids and 
the canine tooth. One of these teeth erupted a year after the oper- 
ation. At the age of 12 enlargement of the jaw commenced, later 
followed by infection. In the tumor were found 9 single teeth and 
6 tooth masses with a covering of enamel. 

The first case of Chompret and Dechaume, aheady cited. 

The case of Banns, in which an unerupted canine was present in 
one antrum and a molar tooth in the other. 



784 


GHOSH 


Case I of Bayer, in which the growth contained 2 teeth, i of which 
was in the antrum. Both were canine teeth, one a temporary and 
the other a permanent tooth. 

Dupuytren and Bransby Cooper are cited by Heath as each re- 
porting a case of adamantinoma associated with an inverted tooth, 
but the tooth is not named. 

The case of Morault,®' in which a growth in the region of the left 
lateral incisor contained a malformed canine tooth astride the un- 
erupted incisor, a condition which suggests that malunion of the 
halves of the canine tooth germ may account for such cases. 

Many rudimentary teeth were present in the cases of Hilde- 
brand,®^ and of Gilmer the former was in a child of 8 years, and 
the latter of 6 months duration in a boy of 14. In the former in- 
stance some 200 teeth were removed and in the latter 78. 

In the case of Rousseau-Decelle and Croequefer the teeth num- 
bered 1 5 and each was possessed of a separate pulp cavity. 

Miller’s case is also of interest. In a child of years a growth 
of 8 months duration showed the presence of widely scattered im- 
mature permanent teeth. 

In the case of Croequefer (Case 2) in addition to the missing per- 
manent canine tooth there was found in the tumor i normal tooth 
and 12 tiny teeth, surrounded by a pericoronary sac. 

In Croequefer’s first case, in a man of 60 years, the tumor extended 
from the absent canine to the maxillary tuberosity, involving the 
entire floor of the sinus. Two small granulomatous nodes on the 
floor of the sinus were shown to be adamantine in structure; they 
were separated from the cystic portion of the growth which was 
lined by epithelium. 

In the case reported by Cordeiro and Cansancao cement was 
found. 

In the course of a discussion in connection with the report of cases 
by New,'® Teter stated that he had seen several cases of multi- 
locular cysts of the upper jaw, some containing enamel and ce- 
mentum. 

The case of Pedrescu-Rion,®® in which enamel was present in a 
recurrence of an upper jaw growth, is of considerable interest, espe- 
cially as the patient gave a 4 plus Wassermann reaction. 

The case of Reverdin ®® and that of Jeannel,® already cited, are 
apparently of the nature of solid acanthomas. 
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It is possible that better drainage afforded in cases of upper jaw 
sepsis has some influence in reducing the number of adamantinomas 
met with in the upper jaw, as there is no doubt that dental cysts 
occur at least as frequently there as in the lower jaw, and according 
to Gentsch and others, cystic development in these growths is facili- 
tated by defective nutrition and pressure, both of which factors are 
closely related to infection. The fact that these tumors appear to be 
associated with unerupted teeth, equally in either jaw, supports this 
hypothesis also. Developmental defects, as affording mechanical 
interference with eruption, may play an important role in the inci- 
dence of adamantinomas connected with unerupted canine and in- 
cisor teeth, as suggested by Chaminade and Kegel.^*^ It has been 
shown that entirely solid tumors are rare in either jaw, but that in 
the upper jaw, while probably a higher proportion of more nearly 
solid tumors is met with than in the lower jaw, predominantly 
cystic growths are at least as frequent as the more soHd variety. 

Conclusions 

1. There appears to be insufficient evidence on which to separate 
“dental cysts” and “dentigerous cysts” from the group of adaman- 
tinomas proper. 

2. As the basal cells of the gingival epithelium of the fetus appear 
to be capable of evolution in two directions, either toward the forma- 
tion of t3q)ical malpighian and stratified epithehum or toward 
“ cyhndrization ” and enamel secretion, the growths of purely mal- 
pighian cells had better be separated from the group of adamantino- 
mas; the term suggested for them is “paradental acanthoma.” 

3. Gross structure and histology cannot be regarded as an index 
of rate of growth, possibility of recurrence, or malignant changes in 
the adamantinoma. 

4. Mahgnant metamorphosis in these tumors may be of three 
kinds: (i) sarcomatous change in the stroma; (2) cylindromatous; 
or (3) squamous carcinoma changes in the epithelium. This tends to 
bear out the theory of two distinct non-interchangeable forms of 
evolution of the basal cells. 

5. There is some evidence to show that better drainage of septic 
dental conditions may be responsible for the greater rarity of ada- 
mantinomas in the upper jaw. 
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Note: I wish to thank Dr. Lester Kahn, who kindly lent his copy 
of the Report on Odontomes, and Dr. Anna Goldfeder, who very 
kindly supplied a translation of one of the articles in German. 
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Plate 172 

Fig. I. Diagram of the enamel organ at the sth month. A = enamel-forming 
cells; B = enamel; C = stellate cells of the enamel pulp; D = external 
epithelial layer; E = cord of the enamel organ. The preforraative mem- 
brane lies between A and B. 

Fig. 2. A transverse section through the lower jaw passing through the temixi- 
rary and permanent molars in a child of 3 years (Malassez and Galippe 0 - 
A = iter dentis; B = gubemaculum dentis; C = temporaiy' molar; D = 
permanent molar; E — gum margin. 








Fig. 3. Illustrating the distribution of the stromal and epithelial elements of 
the tumor. = osteoid tissue resembling cementum; B = formation of 
stellate cells. 

Fig. 4. Showing the various epithelial forms present in the growth. A = stromal 
degeneration, acidophilic in reaction; B = the substance formed in relation 
to connective tissue only suggestive of poorly formed dentine; C = the 
substance apparently derived from the epithelium and of roughly prismatic 
structure; I) = the high cylindrical epithelial cells. 













Plate 174 

Fig. 5. Showing the production of the substance shown at C in Fig. 4, b\' de- 
generation of the epithelium. 

Fig. 6. The relation of the two tj-^pes of calcified material at the margin of the 
growth, but within the capsule. A = the dentine-like substance; B = 
the finelj' prismatic structure; Bi = a less well formed stage of the same 
substance. 










CONGENITAL ATRESIA OF THE TRICUSPID ORIFICE AND 
ANOMALOUS ORIGINS OF THE CORONARY ARTERIES 
FROM THE PULMONARY ARTERY * 


David M. Grayzel, M.D., and Robert Tennant, M.D. 

(From the Laboratory of Pathology, Yale University School of Medicine, 

New Haven, Conn.) 


A case of atresia of the tricuspid orifice with associated inter- 
ventricular septal defects and patent foramen ovale, and with anom- 
alous origins of both coronary arteries from the pulmonary artery, 
has recently been observed, in this laboratory. Primary atresia of the 
tricuspid orifice is an uncommon congenital cardiac malformation. 
Abbott ^ mentions only 9 cases of this condition in a review of 850 
cardiac malformations. In a more recent survey Breslich ^ has re- 
corded a total of 13. Two more cases have been reported ^ since 
then which, together with the present one, brings the total to 16. The 
origin of one coronary artery from the pulmonary artery has been 
reported ^ by several observers. A survey of the literature, how- 
ever, yielded no instance where both coronary arteries arose from the 
pulmonary artery. In view of the rarity of the condition the follow- 
ing case is reported. 


Report of Case 

Clinical History: The patient, a white female infant, 10 hours old, was born in 
the New Haven Hospital on Jan. 18, 1934. The mother, a 26 year old multipara, 
entered the hospital i month before the expected date of delivery because of 
vaginal bleeding. The condition was diagnosed as placenta marginalis and a 
Voorhees’ bag was inserted to control the bleeding. The child was delivered 
spontaneously 3 hours later at 10.00 p.m. The child cried and breathed sponta- 
neously and, except for moderate cyanosis and low temperature, appeared to be 
in good condition. It was seen on several occasions during the night and ap- 
peared to be doing well. When seen at 7.00 A.M. on the following day it was 
markedly cyanotic and respirations had ceased. 

At autopsy the child was well nourished and well developed. It 
appeared to be full term and weighed 2725 gm. The mucous mem- 
branes and the skin of the head, face and neck were deep purple. The 
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significant anatomical findings, in addition to the malformations in 
the heart, were bilateral congenital pulmonary atelectasis and hem- 
orrhage into the tentorium cerebelli. 

Description of Heart 

The heart in situ was globular and did not appear enlarged; its 
transverse diameter was 5 cm, and that of the chest at the same level 
was 8.5 cm. 

The pulmonary artery and aorta arose in the usual manner but 
showed a striking disproportion in their relative sizes. The former 
appeared to be about one-third the size of the aorta, which was of 
average caliber. One cm. from its origin the pulmonary artery 
divided into two vessels of equal caliber, each i mm. in diameter, one 
of which joined the aorta as the patent ductus arteriosus and the 
other continued as the left pulmonary artery. The aorta pursued its 
usual course but gave off from its ascending portion i cm, from the 
aortic ring a vessel 5 mm. in diameter which entered the hilum of the 
right lung. The vessels supplying the head and neck arose from the 
arch of the aorta in the usual manner. The distribution of the su- 
perior and inferior venae cavae appeared normal. 

The heart weighed 19 gm. The apex was rounded and was com- 
posed entirely of the left ventricle. The right atrium was not dilated. 
The musculi pectinati were well rounded and the wall was not thick- 
ened. The foramen ovale, which measured i cm. in diameter, was 
covered by a membranous fold of endocardium, except for a slit-like 
opening 2 mm. wide along the anterior margin. The coronary sinus 
opened into the right atrium at the usual site through an orifice 4 
mm. in diameter. There was complete absence of the atrioventricu- 
lar orifice. A pit-like depression in the thick muscular septum be- 
tween the right auricle and ventricle marked the site of the tricuspid 
valve. No vestiges of the valve cusps were present. The right ven- 
tricle was an aplastic structure whose wall measured i rtlm. in thick- 
ness. Two circular defects, each 2 mm. in diameter, were present in 
the interventricular septum. One was situated in the membranous 
portion, and the other about 8 mm. directly below it in the muscular 
portion. The pulmonary artery arose from the conus arteriosus as a 
thin-waUed vessel whose circumference was i cm. The three semi- 
lunar cusps were thin and delicate. The coronary arteries arose from 
the sinuses of Valsalva behind the two posterior cusps, the right cor- 
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onary from the right posterior sinus, and the left coronary from the 
left posterior sinus. The subsequent course and distribution of each 
of these vessels was normal. The left atrium was not dilated and its 
wall was not thickened. The only unusual feature observed here was 
an anomalous communication with the coronary sinus through a cir- 
cular orifice 4 mm. in diameter situated on the posterior wall 5 mm. 
to the left of the foramen ovale. The left atrioventricular orifice 
measured 3.8 cm. in circumference. The leaflets of the mitral valve 
were thin, delicate and well formed. The left ventricle was mark- 
edly dilated and hypertrophied; its wall measured 4 mm. in thick- 
ness. The aorta arose from the ventricle as a large, well formed vessel 
which measured 2.4 cm. in circumference. The aortic valve was com- 
posed of three thin, delicate, semilunar cusps. No orifices were 
present in the sinuses of Valsalva behind any of these cusps. 

Discussion 

The relation of congenital atresia of the tricuspid orifice to abnor- 
malities in the embryological development of the septa of the heart 
has been adequately described by Breslich,^ who also has reviewed 
the literature on this subject. 



A BCD 

Text-pigtjre I 

Diagram showing the position of the distal bulbar swellings and coronary orifices before 
rotation, after rotation, and after division to form the pulmonary artery and aorta in 
the normal heart (A, B, C). D shows the arrangement of the coronary orifices in the 
present case. Modified after Feller. 

The mechanism of the normal development of the pulmonary 
artery, aorta and coronary arteries is well presented by FeUer,'^ the 
chief steps of which are shown in the line drawings in Text-figure i. 
The truncus arteriosus with the four distal biflbar swellings and with 
the origins of the coronary arteries from i and 3 are shown in A. The 
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positions of these bulbar swellings after rotation through approxi- 
mately i8o° has occurred are shown in B. The subsequent fusion and 
division of i and 3 to form the pulmonary artery and aorta are shown 
in C. Thus, the coronary arteries normally arise in the forward half 
of the bulbar pockets i and 3, close to 4, which portions subsequently 
form the anterior cusps of the aortic valve. Should the coronary 
artery orifices instead arise in the posterior halves of i and 3, close to 
2, which subsequently form the posterior cusps of the pulmonary 
artery, they would have the positions indicated in D, which appar- 
ently occurred in the present case. 
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DESCRIPTION OF PLATE 
Plate 175 

Fig. I. (A 3038.) Atresia of tricuspid valve, with patent foramen ovale and 
interventricular septal defects; coronary arteries arising from pulmonary 
artery. 

A = Right ventricle and pulmonary artery. Probes through septal defects. 
Orifices of coronary arteries in pulmonary artery. Aplastic right ven- 
tricle. 

B = Left ventricle and aorta. Probes through septal defects. No coronary 
orifices in aorta. 

C = Left auricle and left ventricle. Patent foramen ovale. Anomalous 
opening of coronary sinus. 

D = Right auricle. Patent foramen ovale. Orifice of coronary sinus. Ab- 
sence of tricuspid valve. 
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Congenital Atresia of Tricuspid Orifice 







CALCIFICATION IN THE BRAINS OF EQUIDAE AND 

OF BOVIDAE* 

E. Weston Hurst, M.D., D.Sc., M.R.C.P. 

{From the Department of Animal and Plant Pathology of the Rockefeller Institute for 

Medical Research, Princeton, iV. /.) 

In 1926 ^ I estimated the frequency of so-called calcification in the 
vessels of the anterior half of the globus pallidus in man, and of 
“calcified” degeneration bodies there and in surrounding tissues. 
The condition had of course been described previously, but usually in 
connection with specific maladies, notably paralysis agitans and en- 
cephalitis lethargica; it now appeared that it must be considered as a 
phenomenon more or less normal in advancing years. Ostertag ^ has 
since recorded similar observations. In other territories of the cen- 
tral nervous system “calcification” occurs much less often, almost 
always only in connection with local pathological conditions; the 
most marked examples are perhaps to be found in some cases of po- 
rencephaly resultant from intra-uterine disease. Calcified “corpora 
amylacea” in the meninges are, however, of more or less normal 
occurrence. 

While the mineral matter reacted strongly for iron, no definite evi- 
dence of the presence of calcium salts was forthcoming. Deposits of 
iron can give or obscure many of the color reactions commonly as- 
cribed to calcium. Spatz ^ referred to the deposits as “Pseudokalk.” 
Cameron ^ has studied very fully the staining properties of calcium 
salts and emphasizes the ease with which small amounts of iron are 
adsorbed from impure reagents, and so on; the globus pallidus is ex- 
tremely rich in “free ” iron (Spatz®) which might conceivably be con- 
centrated in the affected vessels during life. At the time of my earlier 
publication I was not aware of the purpurin test for calcium, shortly 
afterwards used by Da Fano and Perdrau.® 

This degeneration of the vessels of the globus pallidus is not con- 
fined to man. I have encountered somewhat similar appearances in 
even young monkeys (Macacus rhesus)!^ On the other hand, I have 
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never done so in rabbits, guinea pigs, mice or rats. As the ensuing 
account will show, calcification in various forms occurs v/ith surpris- 
ing frequency in the equidae, and also in cattle. 

Calcipication in the Globus Pallidus 

The brains of i6 horses, a Shetland pony and a mule were ex- 
amined; none of the animals had a history of any illness other than 
the acute one to which it succumbed. Three under 7 years of age 
showed no calcification. Three (including the Shetland pony) aged 9, 
9, and 10 years, respectively, exhibited calcified vessels in the globus 
pallidus, while one aged ii years did not. The remaining ii (includ- 
ing the mule) of ages between 13 and 25 years were aU affected. 

The histological appearances were in every way comparable with 
those in man. In different cases the deposits lay in the media of the 
vessels, in the adventitia, or in both. In some instances, relatively 
more frequent than in man, the affected vessels were almost obliter- 
ated by intimal thickening (Fig. i), and the newly formed tissue 
also was on occasion lightly impregnated; these horses did not suffer 
from generalized vascular disease. A variable number of impregnated 
degeneration bodies were distributed similar to those in human cases. 

In the brains of 2 of 7 cows (ages unknown) similar lesions were 
seen in the globus pallidus. 

Calcification in Other Parts of the Brain 

Two horses, aged 9 and 16 years respectively, exhibited finely 
graniilar deposits in the nervous tissue immediately adjacent to the 
adventitia of a few of the cerebral arteries. In one animal a half- 
dozen or so of the vessels in one part of the centrum semi-ovale 
were so affected; in the other two of the pontine vessels suffered. 
The mineral salts surrounded only a small part of the circumfer- 
ence of the vessels. 

One horse, aged more than 20 years, showed most extensive lesions 
in the dentate nuclei of the cerebellum. Every vessel was heavily 
calcified and the tissues were strewn with calcified globules of all 
sizes (Fig. 2). Some of the capillaries were completely encased in 
sheaths of similar nature; considerable new formation of small ves- 
sels was apparent, and a degeneration of the nervous tissues with 
great reduction in the number of nerve cells. One large vessel had 
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apparently suffered thrombosis, with later recanalization; part of the 
artery wall and the remains of the clot were heavily impregnated 
with mineral salts (Fig. 3). These lesions possibly represented the 
aftermath of an acute process of unknown date and origin; the his- 
tory of the horse prior to its fatal acute illness was not available. 

The meninges and choroid plexuses of old horses frequently con- 
tain “corpora amylacea ” which may or may not be calcified. In both 
young and older animals, in the former in the absence of changes in 
the globus pallidus, the larger meningeal arteries frequently show 
small calcified bodies l3dng usually immediately beneath the endo- 
thelium (Fig. 4). These corpuscles commonly consist of a larger 
laminated central body, roughly spherical or ovoid in shape, to which 
are attached several small outgrowths; their appearance may aptly 
be compared with that of a tortoise. 

Staining Reactions of the Deposits 

The deposits are blackened by the von Kossa method for detecting 
phosphates. They stain deeply with hematoxylin, purple or black 
according to the particular method employed. Tests for iron (Prus- 
sian blue reaction, Macallum’s hematoxylin) are positive. Purpurin 
colors the degenerated areas purple, the color imparted to the dye 
when precipitated in the presence of iron salts. One hours immersion 
in 10 per cent oxalic acid prevents staining by the von Kossa or Prus- 
sian blue techniques; the areas now color red with purpurin, a re- 
action abolished by immersion in 5 per cent hydrochloric acid. 

Thus, evidence of the existence of both calcium and iron salts in 
these deposits is forthcoming. 

Summary and Conclusions 

Calcification of the vessels of the globus pallidus is at least as fre- 
quent in middle-aged and old horses as in man at a corresponding 
period of life; it also occurs in cattle. In neither species can it be cor- 
related with the pathological condition responsible for death. Since 
similar appearances are met with in monkeys, it seems probable that 
it may represent a biological phenomenon of some constancy in ad- 
vancing life in the higher mammals. Unlike man, many horses, both 
young and old, show small calcified bodies in the intima of the larger 
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meningeal arteries. Calcification may sometimes be present in other 
parts of the central nervous system. The use of the purpurin test fol- 
lowing treatment of sections with oxalic acid permits recognition of 
calcium salts in the presence of iron compounds; in the horse both 
are represented in the degenerated vessels. 
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DESCRIPTION OF PLATES 
Plate 176 

Fig. I. Calcified vessel of the globus pallidus of a horse dying of equine en- 
cephalomyelitis, showing marked thickening of the intima. Iron alum hema- 
toxylin and Van Gieson’s stain, x 340. 

Fig, 2. Vascular calcification and calcified globules in the dentate nucleus of 
the cerebellum in a horse dying of acute epizootic leucoencephalitis (Mac- 
CaUum and Buckley). Iron alum hematoxylin and Van Gieson’s stain. 
X215. 
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Plate 176 





Plate x ’ i’j 

Fig. 3. Calcified thrombus in a vessel of the dentate nucleus of the cerebellum; 
recanalization of the clot indicated by arrows. Same case as Fig. 2. Iron 
alum hematoxylin and Van Gieson’s stain, x 365. 

Fig. 4. Calcified bodies in the intima of a meningeal artery from a horse dying 
of forage poisoning. Iron alum hemato.xylin and Van Gieson's stain. 
X 260. 










FOCAL FAT INFILTRATION IN THE LIVER * 

M. A. SniON, M.D. 

(Fw« the Pathological Laboratory of the Cleoelani City Hospital, Clevclatid, 0 .) 

The statement that Hpoma occurs in the liver is made in such text- 
books as those of Borst,^ MacFarland,^ Adami and NichoUs,^ Rib- 
bert/ Stengel and Fox/ Delafield and Prudden ® and Karsner/ but 
no mention is made by Schridde/ Ewing ^ and others. A critical 
search of the literature, however, fails to reveal any case or report 
that can be indubitably accepted as a true case of lipoma of the liver. 
RoUeston stated that genuine fatty tumors do not occur in the liver 
and that what have been mistaken for these are small appendices 
epiploicae which have become detached from the colon and have 
come to rest between the diaphragm and the convexity of the liver. 
These are flush with the surface of the organ, but upon careful ex- 
amination are found to he outside the capsule of the liver. Turnbull 
and Worthington ^ described areas of atypical hver tissue under 
the capsule which are prone to fatty change, probably congenital 
anomalies. These changes, however, do not represent the size or 
appearance of the lesion to be described. 

Because of the fact that there appears to be some doubt about the 
actual existence of hpoma of the hver and because the lesion about 
to be reported was first thought to be a hpoma, the foUowing case is 
reported. 

Report of Case 

The patient, a 70 year old white female, died after surgical drain- 
age of the gaU-bladder. Autopsy revealed a scirrhous adenocarci- 
noma of the gaU-bladder with local metastases to the hver, head of 
the pancreas and regional lymph nodes. 

The liver weighed 1300 gm. The left lobe was relatively smaller 
than normal. The capsule was smooth and transparent and the 
edges were roimded. The color was normal. On the superior surface 
of the left lobe of the hver and directly under the capsule was a 
spherical nodule measuring 2 cm. in diameter. This was yeUowish 
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white in color, slightly raised above the surface, firm in consistence 
and not attached to the diaphragm. On section it greased the knife 
and on the cut surface the usual liver architecture was absent. The 
lesion was sharply demarcated from the surrounding normal liver 
as though it were enclosed "within a capsule. 

Microscopic ExAmNATioN 

A low power photomicrograph of the lesion (Fig. i) stained vath 
Mallory’s aniline blue shows the outline to be somewhat irregular. 
There is no capsule. The only places where connective tissue can be 
recognized along the periphery are where the fat-like tissue abuts 
upon a portal space. Sections stained with sudan III reveal the fat 
to be of the neutral type. 

Figure 2 shows the edge of the lesion in relation to the normal liver 
tissue. Here the infiltrating fat-like tissue can be seen in various 
portions of a lobule and again the absence of a capsule is apparent. 
The fat-like cells are of the adult “signet-ring” type and there is a 
suggestion of compression of adjacent Uver tissue. The liver cells 
themselves show granularity of the cytoplasm but the nuclei are 
normal. There is a zone between normal and signet-ring cells in 
which liver cells contain small fat droplets. Along the periphery of 
the lesion and most particularly in abutting portal spaces there are 
occasional monocytes and lymphocytes. These cells are not present 
within the central portions of the lesion. 

Within the center of the fatty lesion, but more clearly and with 
greater frequency along the periphery, small, intact bile ducts are 
present surrounded by a small amount of fibrous connective tissue 
and the cells containing fat. 

Within the fatty area a moderate number of fairly large roimd 
cells with foamy cytoplasm and ovoid, deeply chromatic nuclei is 
found in the interstices between the liver cells infiltrated with fat. 
It is not known whether these cells represent young liver cells infil- 
trated with fat, or fixed or wandering histiocytes. The lesion is 
fairly well vascularized by large arteries and thin-walled veins and 
capillaries that appear to spring from the periphery. The arteries 
along the periphery, which seem to be derived from the portal 
spaces, show slight thickening of their walls and the veins for the 
most part are wide, thin-walled and gaping, although an occasional 
vein has a thickened wall. 
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Discussion 

In 1925 Huguenin,^- as quoted by Hanser/® described two types 
of focal fatty metamorphosis in the liver which had not previously 
been found in the literature. 

Huguenin described one type of focal fatty metamorphosis occur- 
ring in the liver of healthy men and dogs and another type in men 
and animals dead of acute infectious disease. This latter type is 
found in tlie liver that is the seat of cloudy swelling. 

The first t3rpe is found on the surface, is sharply delimited, al- 
though irregular in contour, and the diameter on the surface is at 
most 3 cm. and on the cut surface, at most, 1.5 cm. in diameter. 
Microscopic examination of the peripheral zones proves absolutely 
that the fatty metamorphosis is delimited by the borders of a lobule 
and that an individual lobule either is completely changed or not at 
all. The cells contain neutral fat. Further, there are changes in the 
vessels either within or without the focus and there is no evidence of 
inflamm ation, pigmentation or nuclear changes. 

The second t3q3e is seen at autopsy in men and animals dead of in- 
fectious disease. Grossly these lesions appear exactly like the former 
type but microscopically show that the fatty metamorphosis is not 
contained within the borders of a lobule. Changes in the nuclei may 
be found and frequently lymphocytes are found between fat infil- 
trated cells. Huguenin believed that this latter type does not go on 
to complete recovery because of the nuclear changes and infiltration 
of lymphocytes, and that this type may end in circumscribed areas 
of cirrhosis. 

Of the two groups, the lesion here reported should be placed in the 
second, although there are no significant nuclear changes and no 
infiltrations of l)Tnphocytes within the fatty mass. 

The lesion does not correspond to the usual picture of lipoma in 
that there is no trace of capsule and the supporting tissue is made 
up in considerable part of remnants of the capsule of Glisson. There 
are no features indicative of malignant neoplasm. 

That the condition is a localized fat infiltration is supported by 
the fact that perilobular structures including bile ducts are found 
within the mass. There is no positive indication of marginal com- 
pression and between the normal liver cells and the fatty mass there 
is a zone, interpreted as transitional, in which many liver cells show 
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small fat droplets. The process differs from ordinary fat infiltration 
of the liver in that all the cells within the mass show almost com- 
plete distention of cytoplasm by a single, large fat globule. 

Summary and Conclusions 

A case of localized fat infiltration of the liver resembling lipoma in 
the gross and not identical with any similar lesion reported in the 
literature is reported. It is possible that other cases thought to be 
lipoma of the liver are of the same nature. 

Note: The author wishes to express his thanks to Professor H. T. 
Karsner for the photographs. 
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DESCRIPTION OF PLATE 


Plate 178 

Fig. I. Section showing irregular contour of the lesion. Mallory’s aniline blue 
stain. x3- 

Fig. 2. Section showing lack of sharp definition of the lesion and lack of limi- 
tation to a single lobule. Hematoxylin and eosin stain, x 150. 

Fig. 3. Small bile duct near center of main mass. Hematoxylin and eosin 
stain. X 820. 
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MENINGIOMA OF THE TUBERCULUM SELLAE WITH 

HYPEROSTOSIS * 


EEPOET OF A CASE "WITH AUTOPSY FINDINGS 

Paul C. Bucy, M.D., and F. E. Kredel, M.D. 

{From the Division of Neurology and Neurosurgery cf the University of Chicago, 

Chicago, III.) 

The clinical syndrome produced by meningioma of the tuberculum 
sellae has been well formulated in the contributions of Holmes and 
Sargent/ who reported lo cases, and of Cushing and Eisenhardt ^ 
with 15 cases. The typical course is described by Cushing and Eisen- 
hardt as gradual impairment of vision in a person of middle age with 
bitemporal constriction of the visual fields, usually not equal in the 
two eyes, and primary optic atrophy. In the early stages these 
tumors do not deform the sella or cause secondary symptoms of 
hypopituitarism. 

While about one-fourth of meningiomas situated under the vault 
of the skull produce-thickening of the adjacent bone, in none of the 
cases of suprasellar meningiomas described by the above authors was 
hyperostosis detected. In one case Cushing and Eisenhardt ^ found a 
slight invasion of the tuberculum sellae by tumor cells. We present 
the following case of meningioma arising over the tuberculum sellae 
in which a marked involvement of the underlying bone occurred. 


Report of Case 

Clinical History: T. B., No. 64972, male, a 42 year old painter of Denver, 
Colorado, was admitted to the University of Chicago Clinics on July 31, 1932, 
complaining of loss of vision of 15 j’^ears duration. His past and family histories, 
so far as could be determined, were irrelevant to the present illness. 

The patient first noted impairment of vision of the left eye in 1917, which 
grew progressively worse until it was reduced to hght perception in 1920. Lead 
poisoning was suspected in 1922. In 192S the vision of the right eye began to 
fail but the patient was able to do his work until 1930, at which time the left eye 
became totally blind. B}’’ 1932 vision in the right eye was reduced to the percep- 
tion of bright light. A history of temporal constriction of the visual fields could 
not be elicited. There had been no headache or alterations in weight or strength. 

* Received for publication June ii, 1934. 
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Physical Examination: The patient was a well developed, obese male, %veigh- 
ing 81.7 kg. An abundance of hair was present over the chest, axillae and pubis. 
Sense of smell was intact. The left eye was totally blind, while h'ght perception 
was present in the inferior nasal quadrant of the right visual field. Both optic 
discs were intensely white •with clear-cut outlines. A large area of lamina crib- 
rosa was visible in each. The pupils were about 6 mm. in diameter with reaction 
to light only directly in the right eye and only consensually on the left. Ocular 
movements were full with a coarse lateral nystagmus on looking to either left or 
right. The tongue protruded slightly to the left. Sensation and strength were 
everywhere intact. Except for a moderate exaggeration of the left knee jerk and 
ankle jerk all reflexes were normal. The basal metabolic rate was minus 16 per 
cent. 

Laboratory Data: The blood and urine showed nothing abnormal. X-ray of the 
skull revealed enlargement of the sella turcica vrith partial decalcification of the 
posterior clinoids. In oblique "views taken for the optic foramina the tuberculum 
sellae could be seen to be greatly thickened. 

A diagnosis of meningioma of the tuberculum sellae was made and a right 
frontal osteoplastic flap was reflected. During the course of extirpation of the 
tumor "with the Bovie knife a large artery was torn and the patient died from 
hemorrhage. 


Autopsy Report 

Postmortem examination revealed an intradural hemorrhage, 
slight generalized arteriosclerosis, early nodular hyperplasia of the 
prostate, fatty infiltration of the liver, pancreatic rests in the duo- 
denal mucosa, submucous urachus rests in the urinary bladder and a 
bile duct adenoma in the liver, in addition to the intracranial tumor. 

A large tumor mass 4.5 by 4.5 by 2.5 cm. lay on the undersurface 
of the brain in the midline. It extended from -within 5 cm, of the 
frontal pole posteriorly to the tuber cinereum and markedly com- 
pressed the inferior surface of the brain and the medial surfaces of 
the temporal lobes (Fig. i). The tumor was very hard, grayish in 
color, and showed calcium deposits on gross section. The optic 
chiasm was greatly flattened over the superior surface of the tumor. 
The left optic nerve was completely obscured and the right markedly 
compressed by extension of the tumor into the optic canals. The hy- 
pophysis was flattened and compressed into the posterior part of the 
sella turcica. 

A roughened bony eminence 2.5 cm. long, 2.5 cm, wide and 5 to 7 
mm. deep occupied the site of the tuberculum seUae and posterior 
portion of the cribriform plates. The entire sphenoid was removed 
as a specimen. Section of this specimen in the midline showed the 
hyperostosis to be composed of dense spongy bone (Fig. 2). 
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Microscopic Examination 

The posterior lobe of the hypophysis appears normal. In the cen- 
ter of the flattened anterior lobe the epithelial cells have disappeared 
and have been replaced by dense connective tissue surrounding an 
irregular central cavity. 

The tumor itself is composed of elongated spindle-shaped cells with 
oval vesicular nuclei. The cells are arranged in fascicles and whorls, 
some of which are calcified, and which are separated by a rather ex- 
tensive connective tissue stroma. 

A decalcified section along the midline of the entire sphenoid re- 
veals the hyperostosis of the tuberculum sellae to be composed of 
moderately thick trabeculae of bone with masses of tumor cells oc- 
cupying the large cancellous spaces (Fig. 3). The architecture of the 
tumor masses is similar to that seen in the primary tumor, although 
none of the cellular whorls is calcified. A layer of loose fibrous tissue 
separates the masses of tumor cells from the bony trabeculae in most 
of the spaces. In some areas definite rows of osteoblasts are present, 
an indication that the new bone has been laid down by endosteal 
stimulation and not by the tumor cells directly. The tumor invasion 
extends interiorly to the epithelium of the underlying sphenoidal 
sinus. The remainder of the sphenoid is essentially normal. Sections 
of the optic nerves show that the nerve fibers have been compressed 
and destroyed, not by the hyperostosis but by direct extension of the 
primary tumor down the optic canals. 

Discussion 

The idea, formerly held by some, that trauma plays a r 61 e in the 
production of hyperostoses (Spiller ® and Penfield '^) associated with 
meningiomas seems disproved by recent reports of such involvement 
of structures at the base of the skull, presumably removed from the 
effects of any but the most severe blows to the head. Winkelman in 
1930 ° and Stender ® from this clinic have described cases of hyper- 
ostosis from meningiomas of the sphenoidal ridge. The present case 
demonstrates that another group of meningiomas of the base of the 
skuU, the suprasellar meningiomas, may produce the same involve- 
ment. 

The reasons are not clear for the apparent rarity of osseous in- 
volvement from meningeal tumors over the tuberculum. It is not 
unlikely, however, that tumors in this location, giving rise as they do 
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to serious loss of vision early in their course, cause the patient to seek 
surgical treatment earlier than do patients with meningeal tumors 
elsewhere. In the present instance the patient ignored the loss of 
vision which occurred for at least 15 years, during which time the 
tumor grew to tremendous size and had ample opportunity to invade 
the skull. It is also not impossible that small thickenings of the tu- 
berculum may easily be overlooked, both in the ordinary X-ray 
views of the skull and at operation. In our case the only clear-cut 
clinical evidence for hyperostosis was in the oblique roentgenograms 
taken for visualization of the optic foramina. In the full lateral view 
the thickening of the tuberculum was not very evident. 

The histological picture of the involved bone is similar to that of 
other meningiomatous hyperostoses. That the bony enlargement is a 
result of invasion of the cancellous spaces by tumor cells which stim- 
ulate osteoblasts to new bone formation has been demonstrated by 
Cushing and by Phemister.® The latter has demonstrated further 
that a dense spongy arrangement of newly formed bone is character- 
istic of a slow rate of growth or a marked tendency to ossification. In 
the present case the trabeculae of bone were not as dense as in Phe- 
mister’s cases, where the vault of the skull was the site of involve- 
ment. In connection with Phemister’s statement that calcification in 
psammomas is in no way related to the bony thickening of the skull, 
it is interesting to note in our case that, while the primary tumor con- 
tained numerous calcified psammoma bodies, none was seen in the 
tumor masses in the hyperostosis of the tuberculum sellae. 

Summaby 

A case of meningioma producing a hyperostosis of the tuberculum 
sellae is described. The history consisted of gradual loss of vision of 
the left eye for 15 years and of the right for 4. Examination revealed 
complete blindness of the left eye and only light perception in the in- 
ferior nasal quadrant of the right visual field. Bilateral optic atrophy 
was present. Death from hemorrhage occurred during operation. 
Autopsy revealed a large, globular suprasellar meningioma which 
invaded the optic canals and produced a marked hyperostosis of the 
tuberculum sellae. The primary tumor contained numerous calcified 
psammoma bodies, while the tumor masses invading the bone and 
stimulating hyperostosis showed no calcification. 
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Plate 179 

Fig. I. Sagittal section of the brain. The large meningioma lies beneath and 
anterior to the third ventricle. The hypothalamus, optic chiasm and neigh- 
boring structures which have been dislocated dorsally are seen resting on 
the upper surface of the tumor. 

Fig. 2. Sagittal section of the body of the sphenoid bone. The greatly thickened 
tuberculum sellae is seen just anterior to the sella turcica. It is obviously 
composed of spongy bone. Its entire thickness through to the dorsal wall of 
the sphenoidal sinus has been involved by tumor. Natural size. 

Fig. 3. Photomicrograph of the bone of the tuberculum sellae. Tumor tissue 
typical of a meningioma is seen filling the spaces between the bony trabec- 
ulae. The tumor is composed of the usual spindle-shaped cells arranged in 
bundles and whorls. Hematoxylin and eosin stain, x 125. 
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PRB'IARY INTRAMEDULLARY NEUROGENIC SARCOMA 

OF THE ULNA * 

REPORT OF A CASE 
James H. Peers, M.D., C.M. 

{From the Pathological Laboratory of the Boston City Hospital, Boston, Mass.) 


Introduction 

The purpose of this paper is to record the occurrence of a tumor, 
primary in the ulna, having the characteristic structure of a peri- 
neurial fibroblastoma and presenting some histological evidence of 
malignancy. 

The problems of histogenesis and classification of the tumors of 
nerves are still under dispute. This is especially true of the relation 
of the solitary tumors found on nerves to the generalized neuro- 
fibromatosis of von Recklinghausen. Penfield ^ in a recent publica- 
tion has given an illuminating discussion of the question. To him 
the multiple fibrous nodules of von Recklinghausen’s disease — the 
true neurofibromas — seem perhaps not neoplastic but rather of the 
nature of a reactionary fibrosis to some irritation, possibly neuro- 
trophic, dependent upon congenitally faulty nerve insulation. Such 
nodules are tangled masses of coUagenous tissue lacking any definite 
arrangement, and in their depths there are often to be found ap- 
parently intact nerve fibers. 

Quite distinct from these knots of fibrous tissue is the truly neo- 
plastic and usually solitary tumor mass with definite organoid 
structure found in connection with nerves. This t3q)e of tumor was 
originally called a neurinoma, or less exactly a neurofibroma. Sub- 
sequent study has given rise to two divergent concepts of its histo- 
genesis. One group, chiefly the French investigators, believe the 
tumor to be derived from the cells of the sheath of Schwann, hence 
neurectodermal in origin, and caU it the Schwannoma or peripheral 
glioma. The other group, whose view Penfield supports, claims the 
t3q)e cell to be the endoneurial fibroblast, and designates the tumor 
as a perineurial fibroblastoma. The most familiar example is perhaps 

* Received for publication June 27, 1934. 
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the variously named intracranial tumor of the acoustic nerve, but 
localized tumors of the same type are commonly seen in the most 
varied places throughout the body. They are almost always slov/ly 
growing and well encapsulated tumors, though malignant change 
sometimes supervenes, especially in deep seated ones or following in- 
complete surgical removal. 

Such growths are composed of parallel intertwining bundles of 
fairly mature fibroblasts, which show invariably a tendency to 
palisade arrangement of nuclei and often well marked undulant 
whorls. Between the ceUs is a moderately abundant quantity of 
fibrillary intercellular substance, very fine in texture and coloring 
only slightly with stains for coUagen. Appropriate silver impreg- 
nation methods show that a considerable proportion of this inter- 
cellular substance is reticulum, in the form of long, straight, coarse 
fibrils, similar to the endoneurial reticulum described by Laidlaw.^ 
Such reticulum stroma is a very constant feature, and together with 
the peculiar cell ordination is pathognomonic of the perineurial 
fibroblastoma. Fibroglia fibrils are often, but not always, demon- 
strable on the cells. Fat laden macrophages are frequently present, 
sometimes in great numbers. Areas of myxomatous degeneration 
with widely spaced stellate cells are often seen in the larger tumors. 

Unlike the masses of von Recklinghausen’s disease these tumors 
but rarely contain nerve fibers and then only at the periphery. In- 
deed their sole relation to generalized neurofibromatosis appears to 
be that occasionally within one of the multiple nodules a perineurial 
fibroblastoma may arise as a new and independent growth by a 
process of neoplastic release of included endoneurial fibroblasts. 

Report of Case 

The patient from whom the tumor to be described was obtained 
was a white painter, 55 years of age. He entered the hospital com- 
plaining of a swelling of the right forearm, which had been gradually 
increasing in size since first noticed a year previously. The swelling 
seemed to have caused no disturbance of motion or sensation, and 
only a mild aching pain in damp weather. About 6 months previous 
to noticing the tumor he had fallen, injming his right arm, but not 
severely enough to prevent his working. 

On examination he presented a large fusiform swelling 12 cm. in 
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greatest diameter in the middle third of the right forearm. The mass 
was hard, fixed to the ulna and not tender. The overl3dng skin was 
not warm or reddened. In spite of the size of the tumor, pronation 
and supination were free and complete. The record makes no men- 
tion of the presence of any of the stigmata of generalized neuro- 
fibromatosis. 

X-ray plates (Fig. i) showed the middle third of the ulna to be 
occupied by an expanding fusiform tumor arising within the medul- 
lary cavity and pushing a fairly complete thin shell of cortical bone 
before it. Within the mass, thin bony septa divided the tissue into 
large loculi, giving a marked “soap-bubble” appearance. No peri- 
osteal reaction triangle was present and there was no new bone 
formation in the tissue. X-ray diagnosis lay between benign giant 
cell tumor and some atypical form of fibrosarcoma. 

Surgical exploration was decided upon. The ulna was exposed, 
the bony shell of the tumor broken through and the soft tumor tissue 
curetted out. The cavity left was cauterized with phenol and filled 
as well as possible with soft parts. 

The tumor tissue removed was sent to the laboratory for frozen 
section diagnosis during the operation. A considerable quantity of 
rather soft, pinkish gray, friable tissue with small yellowish spots, 
larger translucent myxomatous areas and a few bony spicules was 
received. Frozen section showed a tumor consisting of loosely ar- 
ranged spindle and stellate cells with very little delicate coUagen 
between them. On the basis of rare mitoses and more frequent 
tumor giant cells a diagnosis of a slowly growing sarcoma was made, 
and because of the whorls, seen imperfectly in the unfixed section, 
it was suggested that the tumor might be of neurogenic origin. 

Three days following operation celloidin sections were available. 

As in the frozen section, occasional mitoses and fairly munerous 
t um or giant cells were present. The whorls and palisades were now 
quite plainly evident and, accordingly, a diagnosis of a slowly grow- 
ing, well differentiated neurogenic sarcoma was made. 

Because of the highly malignant character of the cases of neuro- 
genic sarcoma reported by Geschickter,® and others, surgical con- 
sultants were almost unanimous in advising amputation. After 
X-ray plates of the chest and pelvis had shown no evidence of 
metastases, the arm was amputated 6 cm. above the elbow. The 
large nerves at the site of amputation were found grossly normal in 
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appearance. The patient made an uneventful recovery and was dis- 
charged 2 weeks after operation. At the time of writing, 20 months 
after operation, he has shown no signs of recurrence or metastasis. 

The ulna obtained from the amputated arm showed on the medial 
aspect a deep, crater-like defect 10 by 4 cm., filled with the flexor 
muscles. Between muscle and bone was some hemorrhage, and next 
the bone a narrow incomplete zone of grayish tissue. In microscopic 
section this appeared to consist only of granulation tissue and a small 
amount of newly proliferating bone. No recognizable tumor tissue 
was present. The preservation of free rotatory movement, in spite 
of the size of the tiunor, was apparently due to the fact that the 
tumor expanded the cortex of the ulna only on the medial side and 
hence did not interfere with the motion of the radius. 

Material and Technique 

The following description is based on the material removed by 
curettage at the first operation. The tissue was fi,xed in Zenker’s 
fluid and in 10 per cent formalin. Paraffin sections were stained 
with phloxine-methylene blue, phosphotungstic acid hematoxylin, 
hematoxylin and eosin, Weigert’s elastic tissue stain, Mallory’s 
aniline blue connective tissue stain and Masson’s trichrome modi- 
fication of it, and del Rio-Hortega’s silver carbonate for reticulum, 
as modified by Foot for Zenker-fixed paraffin sections. Frozen sec- 
tions of formalin-fixed tissue were stained with scharlach R and by 
the Smith-Dietrich method for lipoids. The blocks from which they 
were cut were mordanted, embedded in celloidin, and sections 
stained by the classical method of Weigert for myelin. Frozen sec- 
tions were also impregnated by the Gros-Schultze and Bielschowsky 
methods for nerve fibers, and by a method devised by Penfield ^ for 
oligodendroglia and Schwann cells. 

Description of Tumor 

Microscopically the tumor consists of a loose but cellular tissue 
made up of spindle and steUate ceUs. In the greater portion they 
are arranged in the form of random bundles, but scattered here and 
there are numerous, loose, concentric whorls of large size, some in 
the form of longer imdulant structures in which there is a tendency 
to palisading of nuclei (Fig. 2) . The cells are nowhere closely packed 
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but are separated by a moderate amount of very delicate, fibrillary 
intercellular substance. Occasional areas are edematous, and both 
cells and fibrils are few and widely separated but preserve the sug- 
gestion of whorls (Fig. 3). No coagulum is present in the spaces be- 
tween them. There are also numerous large areas in which the tissue 
is closely packed with great numbers of phagocytes having a rather 
uniform, foamy cytoplasm (Fig. 4). The vessels are sparse and are 
for the most part small, well formed arterioles and capillaries. In a 
few sections there are coarse strands of dense, collagenous connec- 
tive tissue which probably represent parts of the fibrous periosteal 
capsule. 

On closer examination the cells are seen to be of fairly large size 
and spindle, stellate or sometimes round in shape. The cytoplasm is 
moderately abundant, dense, homogeneous and basophilic, and in 
the round cells sometimes granular or vacuolated. The nuclei are 
vesicular with a medium amount of evenly distributed chromatin 
and one, occasionally two or more, large nucleoh. Multinucleated 
forms are exceedingly numerous, constituting the majority of cells 
in many fields. Here and there they have the shape of multinucle- 
ated ribbons of cytoplasm, somewhat resembling the prohferating 
neurilemma in the regenerating end of a cut nerve (Fig. 5). There 
is, however, no suggestion of a collagenous sheath about them. Some 
cells appear to have processes surrounding and forming a partial 
sheath for masses of material resembhng segments of myehn sheaths. 
Many others contain round or oval masses, or vacuoles of similar 
appearing material. 

With phosphotungstic acid hematoxylin the dehcate, intercellular 
fibrillary material is colored pale reddish brown, or is almost un- 
stained. Fibroglia fibrils are well shown in the coarse, adult con- 
nective tissue fragments of the capsule, and in the adventitia of the 
larger vessels. The tumor cells have rarely one or more long, delicate 
fibrils coursing over the cell body (Fig. 6). These fi^brils are found on 
the spindle cells and rarely on the stellate forms, but not on the 
swollen, multinucleated giant cells. More commonly, perhaps, the 
tails of the spindle cells stain heavily in the manner of spongioblasts. 
Occasionally a small group of centrosomes is visible near the nuclei 
in the large multinucleated potygonal cells. 

Turning from the cells to a consideration of the intercellular sub- 
stances, as displayed by suitable technique, the aniline blue con- 
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nective tissue stain reveals a large amount of finely divided collagen, 
and the more precise and powerful trichrome modification of Masson 
shows even more, between the cells and crosswise in the whorls. The 
abundance and character of this material is demonstrated fully, ho%v- 
ever, only by a silver impregnation such as the Hortega-Foot 
method. Sections so prepared show a great quantity of long, straight 
or wavy, wdre-like fibrils running between the cell bundles and cir- 
cularly and crosswise in the whorls (Fig. 7). A large amount of the 
intercellular material in this tumor is silver-positive, in other words 
it is reticulum. Only the coarser masses, some doubtless remains of 
preexisting tissue, stain as collagen in the metallic impregnation. 

The tumor cells apparently produce no elastic tissue. Rarely 
short fragments of elastic fibrils may be found among the tumor 
cells, and the few dense masses of adult connective tissue already 
mentioned contain fairly numerous, large elastic fibers. All these, 
however, appear most likely to be derived from preexisting tissue, 
possibly the periosteum. 

The large accumulations of fat-laden phagocytes are a curiously 
frequent, though not pathognomonic, feature of the perineurial 
fibroblastoma connected with both the acoustic and peripheral 
nerves. They are a very prominent item in this tumor and no en- 
tirely satisfactory explanation can be given for their presence. Where 
few in number they usually cluster about the adventitia of small 
vessels. In other places they fill whole low power microscopic fields, 
yet no evidence of degeneration is visible in the adjacent tumor 
tissue. They are far too numerous to have resulted from the de- 
struction of included myelinated nerve fibers, as Wlassics ® suggested. 
It is possible that the lipoid material is derived from the fat of the 
marrow replaced by the tumor. Against this origin, however, is the 
fact that fatty macrophages, while commonly seen in inflamm atory 
lesions, are but rarely present in any of the varieties of bone tumors. 

If one accept the Schwannian origin of the perineurial tumors, the 
attractive explanation suggests itself that the tumor cells, like 
normal Schwann cells, are producing myelin and discharging it free 
into the tissue where it is picked up by phagocytic cells. The phago- 
cytes stain brilhantly with scharlach R, and occasional tumor cells, 
both in their neighborhood and at a distance, contain droplets stain- 
ing as fat. However, the Smith-Dietrich reaction for lipoids is 
negative, save for a few granules in rare tumor cells, and the Weigert 
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method for myelin reveals no trace of myelinated nerve fibers or free 
myelin in the tissue. In unstained frozen sections examined by 
polarized light much of the fatty material in the phagocytes is 
doubly refractile. 

No necrosis is seen in the tumor. The vessels are few in number, 
small and well formed, and do not show the hyaline degeneration 
often described in these tumors. Many of the vessels have a moder- 
ate perivascular lymphocytic infiltration. A few small hemorrhages, 
probably the result of trauma incident to curettage, are scattered in 
the tissue. 


Discussion 

This tumor is classified with the perineurial fibroblastomas of the 
acoustic and peripheral nerves because, like them, it presents a com- 
bination of spindle cell and myxomatous tissue in which the cells are 
often arranged in whorls and palisades, and have between them a 
delicate fibrillary stroma consisting in large part of reticulum. Prob- 
ably the strongest evidence of relationship is the presence of striking 
numbers of whorls and palisades differing only in looseness of texture 
from those of the generally recognised perineurial fibroblastomas. 

The reticulum stroma is also a very characteristic feature, as 
Penfield has pointed out, and is uniformly present in all of our speci- 
mens of perineurial tumors. The work of Mallory and Parker ® has 
demonstrated that reticulum is the same chemical substance as 
collagen in merely a finer state of subdivision, yet it is certainly 
significant that the stroma of all perineurial tumors should be com- 
posed quite largely of this finely divided form of collagen. Reticulum 
in small amount is present in the stroma of most tumors, but accord- 
ing to the investigation of Foot and Day,^ it forms the predominant 
stroma only in rapidly growing tumors. The perineurial fibroblas- 
tomas, however, including the case here reported, are slowly growing, 
so that the constant presence of large quantities of reticulum is a 
diagnostic feature of considerable importance and suggests an in- 
herited manner of cellular growth maintained even in neoplasms. 

The intramedullary position of this tumor is well shown in the 
accompanying X-ray plate (Fig. i). This intramedullary position 
of a perineurial fibroblastoma is, as far as I can ascertain, imique. 
The nearest resemblance seems to be a case reported by Brooks and 
Lehman,^ in which a periosteal cyst of the tibia formed one of multi- 
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pie bony deformities associated with generalized neurofibromatosis. 
•The tissue removed is described simply as “typical neurofibroma as 
in the skin,” but no details or illustrations are given. 

A considerable number of tumors designated as neurogenic sar- 
coma are reported in the literature, but all seem to have been pri- 
mary in the soft parts and to have involved bone only secondarily. 
Judging from the published illustrations they were all rapidly grow- 
ing and highly malignant tumors, so anaplastic that the neurogenic 
origin of many is by no means clear. 

The tumor in our case no doubt took origin from one of the sparse 
nerve trunks within the marrow cavity of the ulna. Nerve fibers in 
bone, usually accompanying vessels, are described in most text- 
books of histology, and rarely in aplastic marrows small groups of 
myelinated fibers may be seen. 

The classification of this tumor as a slowly growing sarcoma de- 
pends, perhaps rather empirically, as with other mesodermal tu- 
mors, upon the preponderance of cells over intercellular substance 
and upon the occurrence of occasional mitotic figures. The malig- 
nancy is certainly of a low grade and with such complete surgical 
removal recurrence or metastasis seems unlikely to occur. 

A discussion of the vexed problem of Schwann cell versus fibro- 
blastic origin of this tumor has been purposely avoided from a belief 
that to be of value such discussion would require a wider base than 
that afforded by a single case. Because of the opportunity offered by 
the many clearly visible tumor cells a trial was made of a modifi- 
cation of Hortega’s method for oligodendroglia devised by Penfield,'* 
and said to stain also the Schwann cell selectively. No appearance 
of specific staining of the tumor cells could be produced. 

Summary atud Conclusions 

A case of a solitary intramedullary tumor of the ulna presenting 
the histological structure of a perineurial fibroblastoma and some 
evidence of sarcomatous growth has been described in detail. 

The occurrence of tumors of the perineurial type primarily in bone 
must be exceedingly rare, this apparently being the first case re- 
corded. Estimate of their biological character is accordingly un- 
certain, but on histological evidence they seem, unlike the neuro- 
genic sarcoma of soft tissues, to be a tumor of low grade malignancy. 



PRIMARY INTRAMEDULLARY NEUROGENIC SARCOMA 8 IQ 

REFERENCES 

1. Penfield, W. The encapsulated tumors of the nervous system. Stirg. 

Gynec. Obst., 1927, 45, 178-1S8. 

2. Laidlaw, G. F. Silver staining of the endoneurial fibers of the cerebro- 

spinal nerves. Am. J. Path., 1930, 6, 435-443. 

3. Geschickter, C. F., and Copeland, M. M. Tumors of Bone. American 

Journal of Cancer, New York, 1931, 580-598. 

4. Penfield, W. A further modification of the del Rio-Hortega method for 

staining oligodendroglia. Am. J. Path., 1930, 6, 445-448. 

5. Wlassics, T. Sudanophil-granulierte Zellen in Neurofibromen. Arch. f. 

Dermal, ti. Syph., 1932, 165, 352-356. 

6. Mallory, F. B., and Parker, F. Reticulum. Am. J. Path., 1927, 3, 515-525. 

7. Foot, N. C., and Day, H. A. The occurrence of reticulum in tumors. Am. 

J. Path., 1925, 1, 431-441. 

8. Brooks, B., and Lehman, E. P. Bone changes in von Recklinghausen’s 

neurofibromatosis. Surg. Gynec. Obst., 1924, 38, 587-595. , 



DESCRIPTION OF PLATES 


Plate i8o 


Fig, I. Anteroposterior plate of the right forearm showing the tumor in the 
ulna. 
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Pl-AIE l8l 

Fig. 2. Cellular portion of the tumor, showing whorls and a loose palisade. 

Fig. 3. Area of my.xomatous type of tissue. 

Fig. 4. Field showing e.xtensive accumulation of fat-laden phagocytes. Lymph- 
ocytic infiltration about a small arteriole.. 

Fig. 5. Multinucleated tumor giant cell having the form of a ribbon of cyto- 
plasm. 

Fig. 6. A fibroglia fibril on the surface of a tumor cell. Phosphotungstic acid 
hematoxylin stain. 

Fig. 7. Hortega-Foot impregnation showing the abundance and complex ar- 
rangement of reticulum in a whorl. 














THE RELATION OF INCREASED INTRA-ABDOMINAL PRESSURE 
TO THE LIVER LESIONS OF ECLAMPSIA * 

Maurice B. Strauss, M.D., and Stephen Maddock, M.D. 

{From the Thoriidike Memorial Lahoratory, Secotid and, Fourth Medical Services {Harvard), 
and the Surgical Research Laboratory of the Boston City Hospital; and from the 
Departments of Medicine, Tropical Medicine and Surgery of Harvard 
University Medical School, Boston, Mass^ 

Attention has been directed since 1886 to the occurrence of he- 
patic lesions in eclampsia. In that year Jurgens ^ and in 1888 Elebs ^ 
noted the occurrence of hemorrhagic hepatitis. In 1890 Pilliet ^ de- 
scribed the microscopic appearance of the liver lesions in 12 cases of 
eclampsia. Schmorl,^ in a monograph based upon the autopsies of 
17 women dead of eclampsia, stated that he had found in every case 
lesions of the hver which he believed were so characteristic that their 
presence justified the diagnosis of eclampsia without further knowl- 
edge of the history of the case. Microscopically these lesions con- 
sisted of areas of necrosis, with or without hemorrhage, located in 
the neighborhood of the smaller portal vessels, that is, a peripheral 
necrosis rather than the central necrosis commonly found in a variety 
of conditions. Many investigators confirmed these observations 
within the next few years: for example Bouffe de Saint Blaise® 
demonstrated such lesions in the livers of 42 consecutive cases and 
in 1902 Schmorl ® reported finding them in 71 of 73 autopsied cases 
of eclampsia, the remaining 2 cases showing fresh complete throm- 
bosis of the portal vein. WiUiams ^ recently stated that he had been 
able to demonstrate similar lesions in all the eclamptic livers that he 
had examined and agreed with Schmorl that such lesions occurred in 
no other condition. So characteristic are these lesions that many ob- 
servers beheve they represent the primary lesion of eclampsia, the 
manifestations of which are considered due to an impairment of 
hepatic function, “hepato toxemia.” There are other physicians,®’ ® 
however, who report that the livers of eclamptic patients may occa- 
sionally show very httle abnormahty. Theobald states that typi- 
cal eclamptic fiver lesions may be found rarely in patients dying of 

♦ Received for publication June 29, 1934. 
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general peritonitis and in those with pneumonia. Mallory many 
years ago, suggested that the appearance of hemorrhages in the liver 
in eclampsia could probably best be explained as the result of the 
purely mechanical forces involved in the convulsions. He noted the 
occurrence of similar lesions in the liver of a man dying from menin- 
gitis. Quite recently Theobald has revived the mechanical theory 
for the etiology of eclamptic liver lesions. He has performed a num- 
ber of interesting experiments on animals in which he believes that he 
has produced the eclamptic type of liver lesion by repeatedly raising 
the intra-abdominal pressure. If it can be shown tliat liver injury is 
a secondary phenomenon, the theory that eclampsia is a primary 
hepatotoxemia must be abandoned. Theobald’s observations are, 
therefore, of such importance that it was considered advisable to 
repeat them. The technique used by Theobald in his experiments 
was as follows. 

“The dog was given an injection of morphine sulphate gr. i and 
half an hour later anaesthesia was induced with a mixture of equal 
parts of chloroform and ether. The animal was then tied on its back 
and a litre (sometimes a little more) of sterile normal saline solution 
was introduced with all antiseptic precautions into the peritoneal 
cavity through a trocar inserted in the middle line. The reason for 
the introduction of the saline was because without it, it was found 
impossible to raise the intraperitoneal pressure much above 40 cm. 
of saline solution. The fluid having been run in, two dusters were 
placed round the abdomen and drawn tight, by which manoeuvre 
the intraperitoneal pressure was raised to between 80 and 100 cm. 
of saline solution. This manoeuvre will, for the sake of convenience, 
be referred to as a ‘fit,’ each of which lasted two minutes unless the 
contrary is stated.” 

His first animal was sacrificed 3 hours after the experiment in 
which the intra-abdominal pressure had been raised 9 times. The 
liver is described as follows; “The cells are swollen and granular, the 
nuclei stain badly and the sinusoids are widely dilated. The feature 
of interest, however, is the fact that Glisson’s capsule has been most 
severely affected and in nearly every area the cells are swollen and 
the structures, including the bile ducts, are seen to be disintegrated.” 
These changes cannot be made out clearly in the halftone reproduc- 
tion (Fig. I of the photomicrograph. A second animal received 
only morphine. The number of “fits” and the time of sacrificing 
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are not stated. No changes are apparent in the reproduction 
(Fig. 2 ^°) of the photomicrograph, although it is stated that changes 
similar to those quoted above are present. A third animal, receiving 
as an anestlietic the chloroform-ether mixture and having its intra- 
abdominal pressure raised 5 times one day and 6 times the next day, 
was sacrificed 24 hours later. The livpr showed “ extensive degenera- 
tion and necrosis, chiefly central but extending in not a few areas to 
the periphery of the lobules.” These changes are illustrated in the 
photomicrograph (Fig. 3 ^°), and do not appear at all characteristic 
of the eclamptic type of lesion in woman. Another animal killed 
14 days after having had its intra-abdominal pressure elevated 3 
times in one day and 5 times on the next day, showed extensive 
necrosis, the location of winch is not specified in the text and cannot 
be determined from the photomicrograph (Fig. 4^°). A pregnant 
cat, killed 18 hours after the intra-abdominal pressure had been 
raised, showed extensive degeneration in the liver “with no par- 
ticular lobular distribution.” A dog, whose intra-abdominal pres- 
sure had been raised 30 times at 3 minute intervals, each time for 
30 seconds, was killed 24 hours later. “Sections (of the liver) show 
large areas of necrosis, chiefly central, and a few areas of hemorrhagic 
necrosis situated in the periphery of the lobules.” 

Experimental 

Our procedure was identical with that of Theobald, except for the 
fact that morphine was not employed in any instance and ether alone 
was used as an anesthetic in 7 dogs. A mixture of equal parts of 
chloroform and ether, as employed by Theobald, was used in 4 other 
dogs. The protocols of the ii experiments follow. 

Dog No. 2g: Ether anesthesia. Intra-abdominal pressure raised 18 times, 
immediately following which respirations ceased, 72 minutes after the first ele- 
vation of pressure. Autopsy revealed edema of the lungs and an elevated dia- 
phragm. The liver was grossly and microscopically normal. 

Dog No. 25: Ether anesthesia. Intra-abdominal pressure raised 10 times, 
immediately following which respirations ceased, 40 minutes after the first ele- 
vation of pressure. The liver was grossly and microscopically normal. 

Dogs Nos. 23, 24 and 28: Ether anesthesia. Intra-abdominal pressure raised 
20 times during a period of 80 minutes in each animal. Each dog was sacrificed 
72 hours after the completion of the experiment. All three livers were grossly and 
microscopically normal. 

Dog No. 26: Ether anesthesia. Intra-abdominal pressure raised 15 times 
during a period of 60 minutes on i day and this repeated 2 days later. The 
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animal was sacrificed 72 hours after the 2nd day on which the pressure was 
raised. The liver was grossly and microscopically normal. 

Dog No. 27; Ether anesthesia. Intra-abdominal pressure raised 10 times 
within 40 minutes on i day, and 5 times v/ithin 20 minutes 5 days later. The 
animal was sacrificed 5 days after the 2nd day on which the pressure was raised. 
The liver was grossly and microscopically normal. 

Dog No. 20: Anesthesia maintained with equal parts of cliloroform and ether. 
Intra-abdominal pressure raised 10 times. The animal was sacrificed 72 hours 
later. The liver showed widespread central necrosis, occasionally extending to 
the periphery of the lobule. 

Dog No. jo: Anesthesia maintained with equal parts of chloroform and 
ether. Intra-abdominal pressure raised 10 times within a period of 40 minutes 
on I day, and this repeated 72 hours later. The animal was sacrificed 72 hours 
after the 2nd day on which the pressure was raised. The liver showed extensive 
central necrosis, occasionally extending to the peripher}’’ of the lobule. 

The next two animals (Nos. 21 and 22) were merely anesthetized with equal 
parts of chloroform and ether. 

Dog No. 21: The anesthesia was maintained for \\ hours. This animal re- 
ceived more of the anesthetic mixture than either of the above dogs. Nos. 20 and 
30. It was sacrificed 72 hours later. The liver was grossly and microscopically 
normal. 

Dog No. 22: The anesthesia was maintained for ij hours. This dog received 
much less of the anesthetic mixture than dogs Nos. 20, 30 and 21. It was sacri- 
ficed 72 hours later. The liver showed most extensive central necrosis with only 
a border of cells remaining intact about the periphery of the lobules. 


Discussion 

The above observations on dogs Nos. 20 and 30 confirm those of 
Theobald, inasmuch as extensive necrosis of the liver, chiefly central, 
but occasionally extending to the periphery of the lobule, occurred 
when the intra-abdominal pressure was raised in animals which had 
received chloroform-ether anesthesia. However, i of 2 animals re- 
ceiving merely this same anesthetic, developed even more extensive 
liver lesions. It is likewise to be emphasized that 7 animals anes- 
thetized with ether alone, 5 of which survived 3 or more days, al- 
though subjected in most instances to even more numerous eleva- 
tions of the intra-abdominal pressure than Theobald’s animals, 
failed to show any lesions of the liver. The significance of the use of 
chloroform as an anesthetic is apparent. It is so well known that 
chloroform can produce extensive central necrosis of the liver that 
this need not be enlarged upon here. It is also apparent that the 
lesions produced by Theobald are entirely consistent with chloro- 
form necrosis and are not at all characteristic of the periportal lesion 
of eclampsia. 
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Summary and Conclusions 

1. Elevation of the intra-abdominal pressure, according to the 
technique of Theobald, was without effect upon the livers of 7 dogs 
anesthetized with ether. 

2. A chloroform-ether anesthetic mixture, such as that employed 
by Theobald, resulted in extensive central necrosis of the liver in 
3 of 4 dogs, only 2 of which wei;e subjected to increases of intra- 
abdominal pressure. 

3. The theory that the liver lesions of eclampsia are due to in- 
creased intra-abdominal pressure, although an attractive hypothesis, 
must be considered as yet unproved. 
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CHANGES PRODUCED IN THE CENTRAL NERVOUS SYSTEM OF 
THE MOUSE BY THE VIRUS OF ST. LOUIS ENCEPHALITIS * 

Joseph E. Smadel, M.D., and Elizabeth Moore, M.D. 

{From the Departments of Internal Medicine and Pathology^ W ashington University 
School of Medicine, St. Louis, Mo.) 


Transmission of the virus of St. Louis encephalitis to mice has 
been reported by two groups of workers: (i) Muckenfuss, Arm- 
strong and McCordock/ and (2) Webster and Fite.^ The latter 
workers used a special strain of mice peculiarly susceptible to neuro- 
tropic virus, and they also found that Swiss mice would contract the 
disease, but that the stock strain of mice used in the Rockefeller 
Institute was affected in a “relatively small percentage of animals.” 
Muckenfuss and associates demonstrated that stock strains of mice 
available in St. Louis were uniformly susceptible. Both of the above 
groups of authors have briefly described the sjmptoms and lesions 
produced in mice by the virus. 

Material 

Four strains of virus were used: three strains isolated in this laboratory, 
namely, the Freeman, Barnes, and Daily strains, and one obtained by Webster 
designated as No. 3. Two hundredths of a cubic centimeter of 10 per cent brain 
emulsion was inoculated into the brains of white mice of the Swiss strain and 
white mice obtained from three breeders in the St. Louis area. 

Several hundred brains were removed with the least possible traumatization 
and fixed in Zenker-acetic solution. Parafiin sections of blocks taken from various 
levels were stained with hematoxylin and eosin. For particular studies animals 
were killed at definite intervals after inoculation, or when moribund. Special 
fixatives and staining methods were used to demonstrate particular changes. 

Course oe Illness 

The mice usually remain well until the 5th day after inoculation, 
but occasionally they show signs of illness and die on the 4th day, 
when highly virulent material has been used. The first signs are a 
ruffing of the fur and a hunched posture. At this stage an exagger- 
ated response is obtained on stimulation. Then the mouse may 
assume the “encephalitic position,” ® sitting erect with hind legs 

* Received for publication June 24, 1934. 
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spread apart and the tail used as a support. Tremors of extremities, 
head and tail are usually observed. Convulsions and paralyses, both 
spastic and flaccid, are common and occasionally the mice run in 
circles. Some animals apparently have disturbance of vision for 
they nm into objects and fall off the edge of the table. 

The disease may progress very rapidly and kill the mouse in a few 
hours or it may be protracted for several days. In the latter case 
the paralyses frequently become generalized and the respirations 
slow and shallow. 


Pathology 

Webster and Fite ^ have described the lesions produced in mice by 
the St. Louis encephalitis virus as: “accumulations of mononuclear 
cells in the pia, about the blood vessels in the brain and spinal cord 
and in scattered foci. The pyramidal cells of the cornu ammonis and 
lobus pyriformis are injured, thus disturbing the regular architec- 
ture of these regions. Certain nerve cells of the basal ganglia and 
anterior horn cells of the spinal cord appear damaged and collared 
by mononuclear cells.” 

Little need be said about the gross appearance of the brain. The 
surface vessels are usually injected and the brain frequently has a 
diffuse pinkish appearance. The site of inoculation in the left area 
striatum at the left of the thalamus is generally apparent as a small 
red depression. 

Microscopically the most striking and constant lesion is the col- 
lection of cells about vessels. This is observed in all parts of the 
brain and in the spinal cord. There are three types of cellular re- 
action, all of which may be exhibited in the same brain. 

The first type consists of a collection of mononuclear cells in the 
Virchow-Robin space. The predominant cell in the perivasciflar 
cuff is the lymphocyte, but not infrequently there are also mono- 
nuclear wandering cells, some with elongated oval nuclei and scanty 
cytoplasm, others with kidney-shaped nuclei and abimdant cyto- 
plasm. The width of the cuff varies from one layer of cells to four 
or five. There is no cellular infiltration in the brain substance im- 
mediately surrounding the vessel (Fig. i). 

The second type of reaction is characterized by the presence of 
cells in the brain substance adjacent to vessels, but with none of the 
previously described cells in the Virchow-Robin space. With hema- 
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toxylin and eosin stain the cells consist of irregularly shaped nuclei 
and little or no cytoplasm. Some of the nuclei are elongated and 
rod-like with slightly blunted ends, others are club-shaped, and some 
are curved and twisted on themselves (Fig. 2). In material fixed in 
formol-ammonium bromide and stained by del Rio Hortega’s 
method, many of these cells show the typical appearance of microglia 
(Fig- 4 ). ^ 

The third type is a combination of the first two. Here tliere is a 
perivascular cuff and also a proliferation of microglia in the brain 
substance about the vessel (Fig. 3) . 

All three reactions are usually present in the same mouse. Prob- 
ably the most frequent t3qDe of involvement is that in which there is 
both a perivascular cuff and a collection of gha cells near the vessel. 
C uffin g alone is more common than the simple glia prohferation. 

Mice vary individually, not only in the severity of reaction to the 
same dose of virus, but also to some extent in the type of cellular 
collections about vessels; thus in a particular lot some mice will show 
cufl&ng predominantly with only a slight glial reaction, while others 
display a glial response equal to or greater than the perivascular. 

Different strains of white mice apparently show a slight variation 
in response to the virus. Swiss mice in general have more clearly 
defined and thicker perivascular cuffs. Mice obtained from three 
different stocks in the St. Louis area, among which there was prob- 
ably more or less cross-breeding, seem, in general, to show smaller 
and less clearly defined cuffs with a somewhat greater prohferation 
of glia. 

The reaction about vessels appears as early as the second day 
after inoculation. At this time it is not intense, although cuffs one 
to two cells thick and some microgha proliferation in the surrounding 
brain tissue are observed in the Swiss mice. The region of inocula- 
tion is first affected. By the 3rd day the lesions are scattered dif- 
fusely throughout the brain with less involvement of the cerebellum 
than of the cerebrum. 

Degeneration of ganglion cells is another constant lesion. Various 
changes are observed, such as swelhng, chromatolysis, and pyknosis 
of the nucleus, disappearance of Nissl granules with a homogene- 
ously purple-staining of the cytoplasm, and finally such complete 
destruction, of the cell that it stains a deep pink. The 2nd day after 
inoculation there is some degeneration of ganglion cells in an area 
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limited almost entirely to the region of inoculation. By the 3rd day 
the degeneration is apparent throughout the brain in a patchy dis- 
tribution. Small areas of ganglion cells in Ammon’s horn show the 
change frequently (Fig. 5). The patches of degeneration are often 
observed in the vicinity of a vessel. Most of the ganglion cells \vithm 
the circumference of the glial reaction show changes, but the process 
rapidly diminishes beyond it. 

In mice killed when moribund the widespread severe destruction 
of nerve cells is striking. No area is immune, but there are still 
islands of normal cells. The cortical substance in the occipital and 
striate areas, and in the parietal region overlying Ammon’s horn, is 
more severely affected than are the basal nuclei and the brain stem. 
Neuronophagia is observed. Some of the Purkinje cells of the cere- 
bellum take a deep purple stain with hematoxylin and eosin but 
rarely show the complete necrosis seen in cells in the cerebrum. The 
degeneration is more marked in mice inoculated with a heavy dose 
of the virus. 

A third constant feature of the disease is an infiltration of the 
meninges with cells (Fig. 6). These cells are sometimes grouped 
about vessels but are usually scattered in the subarachnoid space. 
Lymphocytes predominate but there are also monocytes and an 
occasional polymorphonuclear leukocyte and plasma cell. The 
meningeal reaction varies in intensity and may be fairly marked as 
early as 48 hours after inoculation. 

Focal collections of cells occur in brain tissue of mice less fre- 
quently than in human or monkey material. Occasionally, small 
collections of gha cells or of mononuclears apparently not related to 
a vessel are seen (Fig. 7) . In order to determine more definitely the 
relation between these collections and vessels, serial sections of two 
mouse brains were made. All of the focal collections in these two 
brains appear to be a part of a cuff or a glial reaction about a vessel. 
The blood vessels and small capillaries are all congested, frequently 
to a marked degree. Hemorrhages into the perivascular space or 
into the brain substance are occasionally seen. No evidence of 
demyelinization is present in sections stained by Loyez’ method. 
No intranuclear inclusion bodies are found in Giemsa preparations, 
nor are the cytoplasmic inclusions described by Nicolau and co- 
workers ® in normal mice obtained in Paris and England observed 
in the four strains of mice at our disposal. 
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The spinal cord shows well developed lesions. The three types of 
cellular response observed about vessels in the brain are frequently 
seen in the cord, but here the reaction is generally less severe. De- 
generation of nerve cells, mainly the motor cells of the anterior horn, 
occurs (Fig. 8). SweUing of the motor cells appears as early as the 
2nd day, before there is involvement about vessels. By the 5th day 
degeneration of the ganglion cells is marked. The cervical and 
upper thoracic regions of the cord are most frequently involved. 

Sections of other organs were made in a number of instances. No 
notable changes are observed, except for the occasional presence of 
fat droplets in liver cells. 


Discussion 

Spontaneous encephalitis occurring in mice which appeared 
healthy during Hfe has been described by Cowdry and Nicholson.’' 
The protozoan-like parasites and the lesions in the brain were sim- 
ilar to those described in rabbits by several investigators.®’ 
Levaditi has named the parasites “microsporidia,” and further 
designated them as Rnceplialitozodn cunicuUy 

The lesions of spontaneous encephalitis in mice were described by 
Cowdry as follows: Focal infiltrations are most frequently met 
with and perivascular, meningeal and subependymal infiltrations 
were seldom seen in their absence. It was ... a common experience 
to find focal infiltrations when the other varieties were difiicult to 
detect. ... In many cases ... it was possible to trace complete 
continuity between a meningeal infiltration on the surface, its ex- 
tension into the brain substance as a perivascular infiltration about 
a penetrating blood vessel, and its termination as a focal lesion either 
at the end of a vessel or to one side of it. . . . The same kinds of cell 
were found to participate in the infiltrations quite irrespective of 
their location (meningeal, perivascular, focal, or subependymal). 
In all . . . specimens lymphocytes predominated, but a few plasma 
cells and macrophages were also noted. The latter were particularly 
numerous at the centers of the focal lesions in the presence of slight 
necrosis and in the absence of l)mphocytes, which were clumped 
about the periphery.” 

We have not encountered evidence of spontaneous encephalitis 
in mice of the Swiss stock. Occasionally this condition was observed 
in mice of the St. Louis stocks. In one lot of a hundred mice, which 
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appeared in poor general condition, the brains of eight were sectioned 
as controls. Four had the lesions described by Cowdry and in three 
of these microsporidia were found. This is an unusually large propor- 
tion and in other apparently healthy lots from the same breeder 
evidence of spontaneous encephalitis was infrequent. 

In general, the spontaneous t 3 q)e of encephalitis which we have 
encountered has corresponded with the description given by Cowdry. 
In one instance we found the parasites scattered among the cells 
infiltrating the meninges. In our mice wc have sometimes seen glia 
cells in the focal reactions in addition to the mononuclear leuko- 
cytes and lymphocytes. 

Cowdry described lesions in the cervical cord and stated that they 
probably extend farther down the cord. We have examined spinal 
cords from three mice in which the brain contained parasites and 
lesions. In each of these a mononuclear infiltration has been found 
in the spinal meninges as well as around vessels, and also collections 
of mononuclear and glia cells about a focus of necrosis. Ganglion 
cell degeneration has not been observed in these sections. Micro- 
sporidia were not demonstrated in the cord. The lesions were ob- 
served m the cervical, thoracic and lumbar regions. 

Neither in the previous description of spontaneous encephalitis 
nor in our experience was a glial reaction seen about the vessels with 
cuffs, except when the cuffed vessel was near a focal reaction which 
contained glia cells. - 

The desirability of using a strain of mice free from epizootic 
encephalitis when working with a neurotropic virus cannot be over- 
emphasized. Even when the lesions are severe it is difficult to dis- 
tinguish the spontaneous from the e^erimental type of encephalitis, 
but there are several criteria which help to differentiate the two. 
The presence of microsporidia is of course positive evidence of the 
epizootic origin of the disease. Proliferation of microglia about the 
perivascular cuffs is rarely seen in spontaneous encephalitis, whereas 
it is a constant finding in the e3q)erimental type. Degeneration of 
ganglion cells of the brain and spinal cord is much less frequent and 
less severe in the former. On the other hand, the focal reactions are 
more numerous, more marked and of a slightly different character 
in the former. Of less importance is the tendency in the epizootic 
disease for the infiltrations to extend from the meninges into the 
brain substance along vessels and in sheets. This is not so apparent 
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in experimental encephalitis, where cuffing is rather evenly distrib- 
uted throughout the brain. 

The pathological picture produced by the St. Louis encephalitis 
virus is comparable in humans, monkeys and mice. There is no sig- 
nificant difference in the lesions found in man and monkey. The 
process in mice seems more severe than in the other two species; in 
general the cuffing, ganghon ceU degeneration and meningeal re- 
action are more marked. The glial reaction about vessels, which is 
common in mice, is rarely, if ever, seen in man and monkey, whereas 
the glial nodules which are common in the two latter are relatively 
infrequent in mice. 


Summary 

1. A description of the pathological lesions produced in the mouse 
by the St. Louis encephahtis virus is recorded. 

2. A comparison is made between the lesions in the mouse and 
those in man and monkey. 

3. A differentiation between the lesions in mice in experimental 
encephalitis and in epizootic encephalitis associated with micros- 
poridia is discussed. 

Note: We wish to express our indebtedness to Dr. Howard A. 
McCordock for his helpful criticism and for his aid in preparing the 
photomicrographs. 


REFERENCES 

1. Muckenfuss, R. S., Armstrong, C., and McCordock, H. A. Encephalitis: 

studies on experimental transmission. P«&. Health Rep., 1933, 48, 1341- 
1343 - 

2. Webster, L. T., and Fite, George L. A virus encountered in the study of 

material from cases of encephalitis in the St. Louis and Kansas City 
epidemics of 1933. Science, 1933, 78, 463-465. 

3. Fischl, V., and Schaefer, W. Experimentelle Encephalitis bei Mausen. 

Klin. Wchnschr., 1929, 8, 2139-2143. 

4. Rose, M. Cy toarchitektonischer Atlas der Grosshimrinde der Mans. J. f. 

Psychol, u. Neurol., 1929, 40, 1-51. 

5. Nicolau, S., Kopciowska, L., and Balmus, G. Inclusions cytoplasmiques 

simulent les corps de Negri, dans le cerveau de la souris normale. 
Compt. rend. Soc. de biol., 1933, 113, 851-855. 



834 SlIADEL AND MOORE 

6. Nicolau, S., Kopciowska, L., Galloway, I, A., and Balmus, G. Inclusions 

cytoplasmiques dans Ic ccrveau dc la souris normale et '‘inclusions" d6- 
crites chez la souris morte aprcs inoculation du virus de tremblante du 
mouton (louping ill). Compl. rend. Soc. dc bioL, 1933, 114, 441-443. 

7. Cowdry, E. V., and Nicholson, F. M. Coexistence of protozoan-like para- 

sites and meningo-encephalitis in mice. J. Exper. Med., 1924, 40, 51-62. 

8. Wright, J. H., and Craighead, E. M. Infectious motor paralysis in young 

rabbits. J. Exper. Med., 1922, 36, 135-140. 

9. Doerr, R., and Zdansky, E. Zur Actiologie der Encephalitis epidemica. 

Schweiz, vied. WchnscJir., 1923, 4, 349-351. 

10. McCartney, J. E. Brain lesions of the domestic rabbit. /. Exper. Med., 

1924, 39 , SI-61. 

11. Levaditi, C., Nicolau, S., and Schoen, R. L’agent ctiologique de I’cn- 

cephalite epizootique du lapin. Compl. rend. Soc. de Mol., 1923, 89, 984- 
986. 


DESCRIPTION OF PLATES 
Plate 182 

Fig. I. Vessel with collection of lymphocytes and mononuclear phagocytes in 
the perivascular space. The surrounding brain tissue is free from infiltra- 
tion. Hematoxylin and eosin. x 700. 

Fig. 2. Here the perivascular space is clear but in the brain tissue surrounding 
the vessel there is a collection of newly formed cells. At the left of the vessel 
there are several cells with curved and dumb-bell-shaped nuclei, which 
appear to be microglia. Several dark, shrunken nerve cells are apparent. 
Hematoxylin and eosin. x 700. 

Fig. 3. A vessel with a perivascular collar of mononuclear cells. In addition, 
in the surrounding brain tissue there is a proliferation of microglia cells with 
irregularly shaped nuclei. Hematoxylin and eosin. x 700. 
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Plate 1S3 

Fig. 4. A blood vessel is seen at the lower left, around which there is a collection 
of mononuclear and glia cells. Microglia are seen as irregularly shaped, 
elongated rods. In the upper right portion a microglia cell with procc.sscs is 
apparent. P. del Rio Hortega’s silver carbonate method, x 700. 

Fig. 5. Degeneration of ganglion cells in Ammon’s horn. In a circumscribed 
area the degenerated ganglion cells appear dark and homogeneously stained. 
Adjoining this area normal ganglion cells are seen. Hematoxylin and eosin. 
X300. 

Fig. 6. Infiltration of meninges with lymphocytes and large mononuclear wan- 
dering cells. The infiltration extends down into the cortex around a vessel. 
Hematoxylin and eosin. x 300. 

Fig. 7. Small focal collection of mononuclear and glia cells in region of basal 
nuclei. Hematox3'lin and eosin. x 300. 

Fig. 8. Degeneration of motor cells in anterior horn of spinal cord. Prolifera- 
tion of glia cells is also present. Hematoxylin and eosin. x 700. 
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